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titi F OF THE INVENTION 

IDENTIFICATION OF CANDIDA ALBICANS ESSENTIAL 
FUNGAL SPECIFIC GENES AND USE THEREOF IN ANTIFUNGAL DRUG 
DISCOVERY 

5 

FIFI P OF THF INVENTION 

The present invention relates to the identification of novel 
essential fungal specific genes isolated in the yeast pathogen, Candida albicans 
and to their structural and functional relatedness to their Sacharomyces 
10 cerevisiae counterparts. More specifically the invention relates to the use of 
these novel essential fungal specific genes in fungal diagnosis and antifungal 
drug discovery. 

P/ vr* GROUND OF THF INVENTION 

15 ~ Opportunistic fungi, including Candida albicans, Aspergillus 

fumigatus, Cryptococcus neoformans, and Pneumocystis carinii, are a rapidly 
emerging class of microbial pathogens, which cause systemic fungal infection 
or "mycosis" in patients whose immune system is weakened. Candidaspp. rank 
as the predominant genus of fungal pathogens, accounting for approx. 8% of 
20 all bloodstream infections in hospitals today. Alarmingly, the incidence of 
life-theatening C. albicans infections or "candidiasis" have risen sharply over 
the last two decades, and irorically, the single greatest contributing factor to 
the prevalence of mycosis in hospitals today is modern medicine itself. 
Standard medical practices such as organ transplantation, 
25 chemotherapy and radiation therapy, suppress the immune system and mate 
patients highly susceptible to fungal infect.on. Modern diseases, most 
notoriously, AIDS, also contribute to this growing occurrence of fungal infection 
in fact, Pneumocystis carinii infection is the number one cause of mortality for 
AIDS victims. Treatment of fungal infection is hampered by the lackof safe 
30 and effective antifungal drugs. Antirrycotic compounds used today; namely 
polyenes (amphotericin B) and azole-based derivatives (fluconazole), are of 
limited efficacy due to the nonspecific toxicity of the former and emmerging 
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resistance .o the latter. Resistance to fluconazole has increased 
dramatically throughout the decade particular* in Candida and Aspergiiius spp. 

Clearly, new antimycotic compounds must be developed to 
combat fungal infection and resistance. Part of the solution depends on the 
elucidation of novel antifungal drug targets (i.e. gene products whose 
functional inactivation results in eel, death). The identification of gene product 
essential to cell viability in a broad spectrum of fungi, and absent in humans, 
could serve as novel antifungal drug targets to which rational drug screening car 
be then employed. From this starting point, drug screens can be developed to 
id entify specific antifungal compounds .ha. inactivate essentia, and 
fungal-speoific genes, which mtmick the validated effect of , he gene disruption 
' " ' Of paramount importance to the antifungal drug discovery 

process is .he genome sequencing projects recently completed for the bakers 
yeast Saccharoses cerev/srae and under way in C. a/bfcans. Although S. 
Lrev/a/ae is not itself pathogenic, it is otosely related taxonomicany to 
opportunistic pathogens including C. afb/cans. Consequently, many of the 
genes identffied and studied in S. cereWsiae facilitate identification and funcfiona 
analysis of orthologous genes present in the weaKh of sequent* information 
provided by the Stanford C. albicans genome pro,ec, 
(n „p-„candida.s.an,ord.edu>. Su* genomic sequencng efforts accelerate the 
isolation of C. albicans genes which potentially participate h essentia, cellular 
processes and whrch therefore could serve as novel an«unga, drug targets. 

However, gene discovery through genome sequence analyse 
alone does not validate either Known or novel genes as drug targets. Ufiimately 
target validation needs to be ach,eved through experimental demonstrate of the 
essential*, o, the cand.date drug target gene directly wthin the pathogen, since 
only a limited concordance exists between gene essentiality for a particufar 
ortholog ,n different organisms. For example. ,n a literature 
albican, essentia, genes validated by gene disruption. 7 genes (te.CaFKSf 
CaHSPgO. CaKREG, CaPRSt, CaRAD6. CaSNFf, and Ca £ FT2) are no, 
essential in S cerews/ae. Therefore, al.hough ,he nu» phenotype o, a gene ,n 
one organism may. in some instances, hint a, the function o, the orthologous 
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gene in pathogenic yeasts, such predictions can prove invalid after 
experimentation. 

There thus remains a need to identify new essential genes h 

C. albicans and validate same as drug targets. 

The present invention seeks to meet these and other needs. 

The present description refers to a number of documents, the 
content of which is herein incorporated by reference in their entirety. 

Sj IMMARY TUP INVENTION 

In general, the present invention relates to essential fungal 
specific genes that seek to overcome the drawbacks of the prior art associated 
with targets for antifungal therapy and wth the drugs aimed at these targets. In 
addition, the present invention relates to screening assaysand agents identified 
by same which may display significant specificity to fungi, more particularly to 
pathogenic fungi, and even more particularly to Candida albicans. 

The invention concerns essential fungal specific genes in 
Candida albicans and their use in antifungal drug discovery. 

More specifically, the present invention relates to the 
identification of genes known to be essential for viability in S. cerevisiae and to 
a direct assessment of whether an identical phenotype is observed in C. 
albicans. Such genes which are herein found to be essential in C. albicans 
serve as validated antifungal drug targets and provide novel reagents in 
antifungal drug screening programs. 

More specifically, the present invention relates to the nucleic 
acid and amino acid sequences of CaKRE5, CaALRI and CaCDC24 of Candida 
albicans. Furthermore, the present invention relates to the identification of 
CaKRE5, CaALRI and CaCDC24 as essential genes, thereby validating same 
as targets for antifungal drug discovery and fungal diagnosis. 

Un tj| the present invention, it was unknown whether KRE5, 
ALR1 and CDC24 were essent.al in a wide variety of fungi. While these genes 
had been shown to be essential in one of budd.ng yeast (e.g. S. cerevisiae) and 
fission yeast (e.g. S. pombe). the essentiality of these genes had not been 
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assessed in a dimorphic or a patho 9 enic fungi (e.g. C. a/brcans). Thus, the 
prese n t invention teaches that KRE5, ALR1 and CDC24 are essential genes ,n 
very different fungi, thereby opening the way to use these genes and gene 
produce as targets for antifunga, drug devebpmen, diagnosis, in a wide vanety 
„, fungi including animal-infesting fungi and p,an«-infes«,ng fungi. Noo-limaing 
examples of such pathogenic fungi include Candrda a/b/cana, AspergHlus 
ton/gatos, AspergiHus flavbs, AspergiKus n/ge, Cocc/d/odes M 
Cyptococcus neoformans, Exopb/a/a derma,,,/*. H/s,op,ama capsu/atum, 
Demt.opbytesspp., M/crosporumspp.. Tncopbytonspp.. Pbyfapbmora WestaPS 
and Puccini* son,/./. More particular^. *e invention re.ates to the idenWcahon 
of these genes and gene products as validated drug targets in any organism ,n 
,he Kingdom of Fungi <Myco,a>. Thus, although the instant description matnty 
(ocuses on Cand/da a/b/cana, the present invenaon may also find « in a wide 
range of fungi and more particularly in pathogenic fungi. 

Prior to the present invention, the essentiality of these genes 
had no, been verified in an imperfect, dimorphic yeast which survices as an 
obli ga«e associate of human beings as we,, as othermammals, such as Candida 
a,p,can, Moreover, prior to the present invention, there was no reasonable 
prediction that a null mutation in any one of these three genes inCandrda 
a,b,cana would be essentia,, in view of the stgnitican, evolutional divergence 
patween C. a/Ptcans and S. pombe or S. carev/a/aa and thus, of the significant 
difference between the biology o. these fungi. For exampte. in view of he 
complexity of the pathways in wh.ch KRE5. ALR1 and CDC24 are implicated, „ 
could no, be reasonably predicted tha, a KnocKou, of CaKRE5, CaAcRf or 
CCDC24 would no, ba compensated by Cher facters. upstream or downs.ream 
the reof C albicans can become an opportunistic pathogen ,n 
immunosuppressed individuals. Us morphology switehasfrom a yeas, ,budd,n 9 
term ,o a pseudohyphal and even.uallv hyphal (filamentous) morphology 
depending on particular stimuli. „ is generally believed that the hyphal form ofC. 
a,b,cans is patnogentc/virulent. Switehing trcm ,ha yeas, to h»hal form involves 
a developmental process referred ,o as the dimcphic transition. 
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In a further general aspect, the invention relates to screering 
assays to identify compounds or agents or drugs totarget the essential function 
of CaKRE5, CaALRI or CaCDC24. Thus, in a related aspect, the present 
invention relates to the use of constructs harboring sequences encoding 
CaKRE5 CaALRI or CaCDC24, fragments thereof or derivatives thereof, cr the 
cells expressing same, to screen for a compound, agent or drug that targets 

these genes or gene products. 

Further, the invention relates to methods and assays to 
identify agents which target KRE5, ALR1 or CDC24 and more particularly 
CaKRE5 CaALRI or CaCDC24. In addition, the invention relates to assays and 
methods to identify agents which target pathways in which these proteins are 
implicated. 

In accordance with the present invention, there is thus 
provided in one embodiment, an isolated DNA sequence selected from the group 
consisting of the fungal specific gene CaKRE5, the fungal specific gene CaALRI, 
the fungal specific gene CaCDC24, parts thereof, oligonucleotide denved 
therefrom, nucleotide sequence complementary to all of the above or sequences 
which hybridizes under high strigency conditions to the above. 

In accordance with another embodiment of the present 
invention, there is provided a method of selecting a compound that modulates 
the activity of the product encoded by one oiCaKRE5. or CaALRI or CaCDC24 
comprising an incubation of a cand.date compound with the gene product, and 
a determinate of the activity of this gene product in the presence of the 
candidate compound, wherein a potential drug is selected when the activity of 
the gene product in the presence of the candidate compound is measurably 

different and in the absence thereof. 

In accordance with another embodiment of the preseni 
.nvention. there .s provided an isolated nuc.e.c acid molecule consisting of 10 to 
50 nuc.eot.des wh.ch specifically hybridizes to RNA or DNA encod.ng CaKREo. 
CaALRI CaCDC24. or parts thereof or derivatives thereof, wherein nucle.c aod 
molecule is or is complementary to a rucleotioe sequence consisting of at least 
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10 consecutive nucleic acids from the nucleic acid sequence of CaKRE5, 
CaALRI, or CaCDC24, or derivatives thereof. 

In accordance with another embodiment of the present 
invention, there is provided a method of detecting CaKRE5, CaALRI or 
CaCDC24 in a sample comprising a contacting of the sample with a nucle.cacd 
molecule under conditions that able hybridization to occur between this molecule 
and a nucleic acid encoding CaKRES, CaALRI or CaCDC24 or parts or 
derivatives thereof; and detecting the presence of this hybridization. 

In accordance with yet another embodiment of the present 
invention, there is provided a purified CaKRES polypept.de, CaALRI poiypeptide, 
or CaCDC24 polypeptide or epitope bearing portion thereof. 

In yet an additional embodiment of the present invention, 
there is provided an antibody having specific binding affinity to CaKRES, 
CaALRI, CaCDC24 or an epitope-bearing portion thereof. 

More specifically, the present invention relates to the 
identification and disruption of the Candida albicans fungal specific genes. 
CaKRES CaALRI, and CaCDC24 which reveal structural and functional 
relatedness to their S. cerevisiae counterparts, and to a validation of thar utility 
in fungal diagnosis and antifungal drug discovery. 

As alluded to earlier, while essentiality of KRE5, ALR1 or 
CDC24 has been shown in budding or fission yeast, these results cannot be 
translated to the C. albicans system for numerous reasons. For example, while 
US Patent 5 194,600 teaches the essentiality of the S. cerevisiae KRE5 gene, 
a number of observations from fungal biology make it far from obvious as to 
the presence and/or role of this gene in a pathogenic yeast, of course, the 
teachings of 5,194.600 are even more remote from teaching or suggesting that 
aKRE5homologinC.a/b,ca n swould be essential or if it would have utility 
as an antifungal target. Examples of such observations are listed below. 

a) A related gene, GPT1, in the yeast S. pombe is not 
essential Moreover, GPT1 thought to be involved in protein folding, fails to 
complement the S.cerevis.ae KreS mutant, and fails to reduce (3-(1 .6)-glucan 
polymer levels in this yeast. 
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b) The p-(1,6)-glucan polymer could be made in a different 

wav in different yeasts. 

c) Genes are lost during evolution and it could thus not be 

determined a priori whether C. «*sns reta,ned a KRE5 related gen. 
Moreover, the CaKRE5 fails to complement a S. cerev.siae k re5 mutant, thus 
no gene cou.d be recovered by such an approach. Sim,.ar,y, theDNA sequence 
of the C albicans CaKRE5 gene is sufficiently different from that of S. 
cer ews/ae, that it cannot be detected by low stringency Southern hybridization 
with the S. cerevisiae KRE5 gene as a probe. 

For the purpose of the present -nvent.on, the foiling 

abbreviations and terms are defined below. 
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nFFINlTlONS 

The terminoiogy "gene knockout" or "knockout refers to a 
disruption of a nudeic acid sequence which significantly reduces and preferab.y 
suppresses or destroys the bio.ogica, activity of the po.ypept.de encoded 
thereby. A number of knockouts are exempted herein by the introduction of a 
ecombinant nuCeic acid moiecule comprising one of CaKRES, CaALRIor 
CaCDC24 sequences that d.srupt at least a portion of the genomic DNA 
sequence encoding same in C. Cleans, in the latter case. ,n 
homozygous disruption (in a diploid organ.sm or state thereof) ,s present, the 

mutation is also termed a "null" mutation. 

The terminology "sequestering agent" refers to an agent 

wh.ch sequesters one of the validated targets of the present 

manner that it reduces or abrogates the bioiogica. activty of the vacated target. 

A non-.im.ng example of such a sequestering agent includes ant.bod.es spec,. 

to one of the vaiidated targets according to the present .nvent.on. 

The term "fragment", as applied here.n to a peptide. refers to 
at .east 7 cont.guous am.no ac.ds, preferably about ,4 to 16 contiguous amino 
acids, and more preferably, more than 40 contiguous am.no .ad, un engttv 
Such peptides can be produced by we,,known methods to those sk.l.ed ,n the 
an such as, for examp.e, by proteolytic cleavage, genet, engineer^ or 
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chemical synthesis. "Fragments" of the nucleic acid molecules accord.ng to the 
present invention refer to such molecules having at least 12 nt, more partcularly 
at least 18 nt, and even more particularly at least 24 nt which have utility as 
diagnostic probes and/or primers. It will become apparent to the person of 
ordinary skill that larger fragments of 100 nt, 1000 nt, 2000 nt and more also fird 
utility in accordance with the present invention. 

The terminology "modulation of two factors" is meant to refer 
to a change in the affinity, strength, rate and the like between such two factors. 
Having identified CaKRE5, CaALRI and CaCDC24 as essential genes and gene 
products in C. albicans opens the way to a modulation of the interaction of hese 
gene products with factors involved in their respective pathways in th.s fung. as 
well as others. 

Nucleotide sequences are presented herein by single strand, 
in the 5' to 3' direction, from left to right, using the one letter nucleotide symbols 
as commonly used in the art and in accordance with the recommendations of the 
IUPAC-IUB Biochemical Nomenclature Commission. 

Unless defined otherwise, the scientific and technological 
terms and nomenclature used herein.have the same meaning as commonly 
understood by a person of ordinary skill to which this invention pertains. 
Generally the procedures for cell cultures, infection, molecular biology methods 
and the like are common methods used in the art. Such standard techniques 
can be found in reference manuals such as for example Sambrook et al. (1989. 
Mo.ecu.ar Coning - A Laboratory Manual, Cold Spring Harbor Laboratories) and 
Ausubel et al. (1994, Current Protocols in Molecular Biology. Wiley, New York). 

The present description refers to a number of routnely used 
recombinant DNA (rDNA) technology terms. Nevertheless, definitions of selected 
examples of such rDNA terms are provided for clarity and consistency. 

As used herein, "nucleic acid molecule", refers to a polymer 
of nucleotides. Non-limit.ng examples thereof ,nclude DNA (e.g. genomic DNA. 
cDNA) and RNA molecules (e.g. mRNA). The nucleic acid molecule can be 
obtained by c.on.ng techniques or synthesized. DNA can be double-stranded or 
single-stranded (coding strand or non-coding strand [antisense]). 
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The term "recombinant DNA" as known in the art refers to a 
DNA molecule resulting from the joining of DNA segments. This is often eferred 

to as genetic engineering. 

The term "DNA segment", is used herein, to refer to a DNA 
5 molecule comprising a linear stretch or sequence of nucleotides. This sequence 
when read in accordance with the genetic code, can encode a linear stretch or 
sequence of amino acids which can be referred to as a polypeptide, protein, 

protein fragment and the like. 

The terminology "amplification pair" refers herein to a pair of 
10 oligonucleotides (oligos) of the present invention, whbh are selected to be used 
together in amplifying a selected nucleic acid sequence by one of a number of 
types of amplification processes, preferably a polymerase chain reaction. Other 
types of amplification processes include ligase chain reaction, strand 
displacement amplification, or nucleic acid sequence-based amplification, as 
1 5 explained in greater detail below. As commonly known in the art, the oligos are 
designed to bind to a complementary sequence under selected conditions. 

The nucleic acid (e.g. DNA or RNA) for practising the presert 
invention may be obtained according to well known methods. 

Nucleic acid fragments in accordance with the present 
20 invention include epitope-encoding portions of the polypeptdes of the invention. 
Such portions can be identified by the person of ordinary skill using the nucleic 
acid sequences of the present invention in accordance with well known methods. 
Such epitopes are useful in raising ant.bod.es that are specific to the 
polypeptides of the present invention. The invention also provides nucleic acid 
25 molecules which comprise polynucleotide sequences capable of hybridizing 
under stringent conditions to the polynucleotide sequences of the present 

invention or to portions thereof. 

The term hybridizing to a 'portion of a polynucleotide 
sequence" refers to a polynucleotide wh.ch hybridizes to at least 12 nt. more 
preferably at least 18 nt, even more preferably at least 24 nt and especially to 
about 50 nt of a polynucleotide sequence of tne present invention. 
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The present invention further provides isolated nucleic acid 
molecules comprising a polynuc.eotide sequences which is preferably at least 
90% identical, more preferably from 96% to 99% identical and even more 
preferably 95%, 96%, 97%, 98%, 99% or 100% identical to the polynicle.c ac.d 
sequence encoding the validated targets or fragments and/or derivatives thered 
according to the present invention. Methods to compare sequences and 
determine their homology/identity are well known in the art. 

Oligonucleotide probes or primers of the present invent.on 
may be of any su.table length, depending on the particular assayformat and the 
particular needs and targeted genomes employed. In general.the oiigonuc.eot,de 
probes or primers are at least 12 nucleotides in length, preferably between 15 
and 24 nucleotides, and they may be adapted to be especially suited to a chosen 
nucleic acid amplification system. As commonly known in the art. the 
oligonucleotide probes and primers can be designed by taking into considerat.cn 
the me.ting point of hydrizidation thereof with its targeted sequence (see below 
and in Sambrook et .... 1989, Molecular Coning - A Laboratory Manual, 2nd 
Edition, CSH Laboratories; Ausube. et .I., 1989, in Current Protocols m 
Molecular Biology, John Wiley & Sons Inc., N.Y.). 

The term "oligonucleotide" or "DNA" molecule or sequence 
refers to a molecule comprised of the deoxyribonucleotides adenine (A), guanine 
(G) thymine (T) and/or cytosine (C), in a double-stranded form, and compnses 
or includes a "regulatory element" accord.ngto the present .nvention, as the term 
is defined herein. The term "oligonucleotide" or "DNA" can be found in linear 
DNA molecules or fragments, v.ruses, plasmids. vectors, chromosomes or 
synthet,cally denved DNA. As used here.n, part.cular double-stranded DNA 
sequences may be described accord.ng to the normal convent.cn of g,v.ng only 
the sequence in the 5' to 3' d.rection. "Oligonucleofdes" or o.igos" define a 
molecule hav.ng two or more nucleotides (ribo or deoxyribonucleotides). The 
size of the oligo will be dictated by the part.cuiar situation and ultimately on the 
particular use thereof and adapted accord.ngly by the person of ordinary skill. An 
oligonucleotide can be synthet.sed chem.caliy or derived by clon.ng accord.ng 
to well known methods. 
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As used herein, a "primer" defines an oligonucleotide which 
is capable of annealing to a target sequence, thereby creating a double stranded 
region which can serve as an initiation point for DNA synthesis under suitable 
conditions. 

The terms "homolog" and "homologous" as they relate to 
nucleic acid sequences (e.g. gene sequences) relate to nucleic acid sequence 
from different fungi that have significantly related nucleotide sequences, and 
consequently significantly related encoded gene products, and preferably have 
a related biological function. Homologous genesequences or coding sequences 
have at least 70% sequence identity (as defined by the maximal base match in 
a computer-generated alignment of two or more nucleic acid sequences) over 
at least one sequence window of 48 nucleotides, more preferably at least 80 or 
85%, still more preferably at least 90%, and most preferably at least 95%. The 
polypeptide products of homologous genes have at least 35% amino acid 
sequence identity over at least one sequence window of 18 amino acid residues, 
more preferably at least 40%, still more preferably at least 50% or 60%, and 
most preferably at least 70%, 80%, or 90%. Preferably, the homologous gene 
product is also a functional homolog, meaning that the homolog will functionally 
complement one or more biological activities of the product being compared. Fa 
nucleotide or amino acid sequence comparisons where a homology is defined 
by a % sequence identity, the percentage is determined using any one of the 
known programs as very well known in the art. A non-limiting example of such 
a program is the BLAST program (with default parameters (AltschU et aL 1997, 
"Gapped BLAST and PSI-BLAST: a new generation of protein database search 
25 programs, Nucleic Acid Res. 25:3389-3402). Any of a variety of algorithms 
known in the art which provide comparable results can also oe used, preferably 
using default parameters. Performance characteristics for three different 
algorithms in homology search.ng is described in Salamov et ah. 1999. 
"Combining sensitive database searches with multiple intermediates to detect 
distant homologues Protein Eng. 12:95-100. Another exemplary program 
package is the GCG™ package from the University of W.sconsm. 



20 



30 



WO 00/68420 — — PCT/CAOO/0053 

12 



Homologs may also or in addition be characterized by the 
ability of two complementary nucleic acid strands to hybridize to each other 
under appropriately stringent conditions. Hybridizat.ons are typica.ly and 
preferably conducted with probe-length nucleic acid molecules, preferably 20- 

5 100 nucleotides in length. Those skilled in the art understand how to est.mate 
and adjust the stringency of hybridization condit.ons such that sequences hav.rg 
at least a desired level of complementarity will stably hybridize, while those 
having lower complementarity will not. For examples of hybridization condit.ons 
and parameters, see. e.g., Sambrook et al. (1989) supra; and Ausube. et al. 

10 (1994) supra. 

"Nucleic acid hybridization" refers generally to the 
hybridization of two single-stranded nucleic acid molecules having 
complementary base sequences, which under appropriate conditions will form 
a thermodynamically favored double-stranded structure. Examples of 
15 hybridization conditions can be found in the two laboratory manuals referred 
above (Sambrook et al.. 1989. supra and Ausube. et al.. 1989. supra) and are 
commonly known in the art. In the case of a hybridization toa nitrocellulose fitter, 
as for example in the well known Southern blotting procedure, a nitrocel.ulose 
fi,ter can be incubated overnight at 65°C with a labelled probe in a solut.cn 
containing 50% formamide, high salt (5 x SSC or 5 x SSPE), 5 x Denhardfs 
so.ut.on 1% SDS. and 100 ug/ml denatured carrier DNA (e.g. salmon sperm 
DNA) The non-specifically binding probe can then be washed off the filter by 
several washes in 0.2 x SSC/0.1% SDS at a temperature which is selected .n 
view of the desired str.ngency: room temperature (low stringency), 42C 
(moderate stringency) or 65°C (h.gh str.ngency). The selected temperature ,s 
based on the melting temperature (Tm) of the DNA hybrid.Of course, RNA-DNA 
hybrids can also be formed and detected in such cases, the cond,t.ons of 
hybridizat.on and wash.ng can be adapted accord.ng to well known methods by 
the person of ordinary skill. Stringent conditions will be preferably used 

30 (Sambrook et al.,1989, supra). 

Probes of the invention can oe util.zed with naturally occurring 
sugar-phosphate backbones as well as modified backbones includ.ng 
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phosphorothioates, dithionates, alkyl phosphonates and a-nucleotides and the 
like. Modified sugar-phosphate backbones are generally taught by Miller, 1988, 
Ann. Reports Med. Chem. 23:295 and Moran et al., 1987, Nucleic acid molecule. 
Acids Res., 14:5019. Probes of the invention can be constructed of either 
ribonucleic acid (RNA) or deoxyribonucleic acid (DNA), and preferably of DNA. 

The types of detection methods in which probes can be used 
include Southern blots (DNA detection), dot or slot blots (DNA, RNA), and 
Northern blots (RNA detection). Although less preferred, labelled proteins could 
also be used to detect a particular nucleicacid sequence to which it binds. Other 
detection methods include kits containing probes on a dipstick setup and the like 
Although the present invention is not specifically dependent 
on the use of a label forthe detection of a particular nucleic acid sequence, suoh 
a label is often beneficial, by increasing the sensitivity of the detection. 
Furthermore, this increase in sensitivity enables automation. Probes can be 
labelled according to numerous well known methods (Sambrook et al.. 1989, 
supra). Non-limiting examples of labels included, «C. -P. and »S. Non-limiting 
examples of detectable markers include ligands, fluorophores, chemiluminescert 
agents, enzymes, and antibodies. Other detectable markers for use with probes 
which can enable an increase in sensitivity of the method of the invention, 
include biotin and radionuclides. It will become evident to the person of 
ordinary skill that the cho.ce of a particular label dictates the manner in which it 

is bound to the probe. 

As commonly known, radioactive nucleotides can be 

incorporated into probes of the invention by several methods. Non-limiting 
examples thereof include kinasing the 5' ends of the probes using gamma »P 
ATP and polynucleotide kinase, using the Klenow fragment of Pol I of E. coli in 
the presence of radioactive dNTP (e.g. uniformly labelled DNA probe using 
random oliaonucleot.de primers in low-melt gels,, using the SP6/T7 system to 
transcribe a DNA segment in the presence of one or more radioactive NTP. and 
) the like. 

Amplification of a selected, or target, nucleic acid sequence 
may be carried out by a number of suitable methods. See generally Kwoh et al.. 
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1990 Am. Biotechnol. Lab. 8:14-25. Numerous amplification techniques have 
been described and can be readily adapted to suit particular needs of a person 
of ordinary skill. Non-limiting examples of amplication techniques include 
polymerase cha,n reaction (PCR). ligase chain reaction (LCR), strand 
displacement amplification (SDA), transcription-based amplification, the QP 
replicase system and NASBA (Kwoh et al.. 1989, Proc. Natl. Acad. Sci. LBA 86, 
1173-1177- Lizardietal., 1988, BioTechnology 6:1 197-1202; Malek et al., 1994, 
Methods Mol. Biol., 28:253-260; and Sambrook et al., 1989. supra). Preferably, 
amplification will be carried out using PCR. 

Polymerase chain reaction (PCR) is carried out in accordance 

i ■ — c M *n US Pat Nos. 4,683,195; 4,683,202; 
with known techniques. See, e.g., u.t>. rat. 

4 800 159 and 4,965,188 (the disclosures of all three U.S. Patent are 
incorporated herein by reference). In general, PCR involves, a treatment of a 
nucleic acid sample (e.g., in the presence of a heat stable DNA polymerase) 
under hybridizing conditions, with one oligonucleotide primer for each strand of 
the specific sequence to be detected. An extension product of eachpnmer wh.ch 
is synthesized is complementary to each of the two nucleic acid strands, with tre 
primers sufficiently complementary to each strand of the specific sequence to 
hybridize therewith. The extension product synthesized from each pnmer can 
also serve as a template for further synthesis of extension products us.ng the 
same primers. Following a sufficient number of rounds of synthesis of extens.on 
products, the sample is analysed to assess whether thesequence or sequences 
to be detected are present. Detection of the amplified sequence may be earned 
out by visualization following EtBr stain.ng of the DNA following gel 
eiectrophores, or using a detectable label in accordance with known techniques, 
and the like. For a rev.ew on PCR techniques (see PCR Protocols, A Gu.de to 
Methods and Amplifications, Michael et al. Eds. Acad. Press. 1990). 

Ligase cha.n reaction (LCR) is carried out in accordance with 
known techniques (Weiss. 1991 . Science 254:1292). Adaptation of the protocol 
to meet the desired needs can be carried out by a person of ord.nany skill. Strard 
displacement amplification (SDA) is also earned out in accordance w.th known 
techniques or adaptations thereof to meet the particular needs (Walker et at., 
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199 2, Proc. Nat,. Acad. Sci. USA §9:392-396; and ibid., 1992, Nuc.eic Acids Res 
20:1691-1696). 

" As used herein, the term "gene" is well known in the art and 

rela.es .0 = nucleic acid sequence defining a s,ng,e protein or polypeptide A 
5 -structural gene" defines a DNA sequence wh,ch is transcribed into RNA and 
translated into a protein having a specific ammo acid sequence thereby giving 
rise to a specific polypeptide or protein. If will be readily recognized by he 
person of ordinary skill, that the nucleic acid sequence of the present invention 
can be incorporated into anyone o. nunterous established ki, formats which are 

10 well known in the art. 

A ••heterologous- (e.g. a heterologous gene) region of a DNA 

molecule is a subsegmen, segment of DNA within a larger segment ,ha, ts no, 
tound ,n association therewith in nature. The term -heterologous can be 
similarfy used to define two polypeptide segmenfs no, iomed ttgtfh. ,n na,ure. 
„ Non„mfi,ng examples of he.erofogous genes .nclude reporter genes such as 
.uciferase. chloramphenicol ace,y, transferase. p-galac,os,dase, and ,ne like 
which can be iuxlaposed or joined ,0 heterologous oontroi regions or 
he,ero,ogous poiypepfides ^ ^ ^ ^ ^ ^ ^ ^ 

20 a plasmid DNA, phage DNA, vira, DNA and .he fike, which can serve as a DNA 
Jhide in,o wh,ch DNA o, the present invention can be clored. Numerous types 
of vectors exist and are well known in the art 

The term "expression" defines fhe process by which a gene 
, s transcribed into mRNA (transcription,, the mRNA ,s fhen being translated 
25 (translation) into one polypeptide (or protein! or more 

The terminology "expression vector" defines a vector or 
„eh,cle as described above but designed to enable the expression o, an inserted 
sequence following hansformafion in,o a host The cloned gene .inserted 
sequence, is usua.iy placed under the control o, control element sequences 
30 such as promoter sequences. The placing o, a cloned gene under such control 
sequences ,s often referred to as being operably linked ,o control elements or 
sequences. 
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Operably linked sequences may also include two segments 
that are transcribed onto the same RNA transcript. Thus, two sequences, such 
as a promoter and a "reporter sequence" are operably linked if transcript.on 
commencing in the promoter will produce an RNA transcript of the reporter 
sequence. In order to be "operably linked" it is not necessary that two 
sequences be immediately adjacent to one another. 

Expression control sequences will vary depending on whether 
the vector is designed to express the operably linked gene in a prokaryotic or 
eukaryotic host or both (shuttle vectors) and can additionally conta.n 
transcriptional elements such as enhancer elements, termination sequences, 
tissue-specificity elements, and/or translational initiation and termination s.tes. 

Prokaryotic expressions are useful for the preparation of large 
quantities of the protein encoded by the DNA sequence of hterest. This protein 
can be purified according to standard protocols that take advantage of the 
intrinsic properties thereof, such as size and charge (e.g. SDS gel 
electrophoresis, gel filtration, centrifugation, ion exchange chromatography...), 
in addition the protein of interest can be purified via affinity chromatography 
using polyclonal or monoclonal antibodies. The purified protein can be used for 

therapeutic applications. 

The DNA construct can be a vector comprising a promoter 
that is operably linked to an oligonucleotide sequence of the present invention, 
which is in turn, operably linked to a heterologous gene, such as the gene for the 
luciferase reporter molecule. "Promoter" refers to a DNA regulatory reg,on 
capable of binding directly or indirectly to RNA polymerase in a cell and .nt.at.ng 
transcription of a downstream (3' direction) cod.ng sequence. For purposes of 
the present .nvention, the promoter is bound at its 3' terminus by the transcr.pt,cn 
initiat.cn site and extends upstream (5' d.rect.on) to .nclude the minimum numbe- 
of bases or elements necessary to initiate transcription at levels detectable 
above background. Within the promoter will be found a transcription .n.t.at.on 
site (conveniently defined by mapp.ng with S1 nuclease), as well as prote.n 
binding doma.ns (consensus sequences) responsible for the binding of RNA 
polymerase. Eukaryotic promoters will often, but not always, conta.n "TATA" 
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boxes and "COAT boxes. Prokaryotic promoters contain -10 and -35 consensus 
sequences which serve to initiate transcription and the transcript products 
contain Shine-Dalgarno sequences, which serve as ribosome binding sequences 

during translation initiation. 

As used herein, the designation "functional der.vat.ve 

denotes in the context of a functional derivative of a sequence whether an 
nucleic acid or amino acid sequence, a molecule that retains a biological act.v.ty 
(either function or structura.) that is substantially similar to that of the ong.nal 
sequence This functional derivative or equivalent may be a natural derive or 
may be prepared synthetically. Such derivatives include amino acid sequences 
having substitutions, de.etions, or additions of one or more amino acids. P rov,daJ 
that the biological activity of the protein is conserved. The same appl.es to 
derivatives of nucleic acid sequences which can have substitutions, de.et.ons, 
or additions of one or more nucleotides, provided that the biological activity of tre 
sequence is generally maintained. When relating to a protein sequence, the 
substituting amino acid as chemico-physica. properties which are similar to that 
of the substituted amino acid. The similar chemico-physica. properties include, 
similarities in charge, bu.kiness. hydrophobic^, hydrophylicity andthe take. The 
term "functional derivatives" is intended to inc.ude "fragments", "segments , 
"variants", "analogs" or "chemical derivatives" of the subject matter of the presert 
invention. 

As well-known in the art, a conservative mutat.on or 
substitution of an amino acid refers to mutat.on or substitute which maintains 
1, the structure of the backbone of the polypept.de (e.g. a beta sheet or a.pha- 
ne.,cal structure); 2) the charge or hydrophob.c.ty of the ammo ac.d; or 3) tne 
bulkiness of the s.de cha.n. More specifically, the well-known terminolog.es 
"hydrophihc residues" relate to serine or threon.ne. "Hydrophob.c residues" refer 
to leucine, isoieuc.ne, pheny.a.an.ne. val.ne or alanine. "Positively charged 
residues" relate to lysine, arg.n.ne or hyst.d.ne. Negatively charged res.dues" 
refer to aspartic acid or glutam.c acid. Res.dues hav.ng "bulky side cha.ns" refe- 
to phenylalanine, tryptophan or tyrosine 
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Peptides, protein fragments, and the like in accordance with 
the present invention can be modified in accordance with well-known methods 
dependent* or independently of the sequence thereof. For example, pepfides 
can be derived from the wild-type sequence exemplified herein in the figures 
using conservative amino acid substitutions at 1, 2, 3 or more positions. The 
terminology "conservative amino acid substitutions" is well-known in the art 
which relates to substitution of a particular amino acid by one having a s.m.lar 
characteristic (e.g. aspartic acid for glutamic acid, or isoleucine for leucne). Of 
course non-conservative amino acid substitutions can also be carried out, as 
we.l as other types of modifications suchas deletions or insertions, provided that 
these modifications modify the peptide, in a suitable way (e.g. without affecfing 
the biological activity of the peptide if this is what is intended by the modificafon) 
A .ist of exemplary conservative amino acid substitutions is given here.nbelow. 
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CONSERVATIVE AMINO ACID REPLACEMENTS 

Replace With 



For Amino Acid Code 



Phenylalanine 



! Proline 



Alanine 


A j 


D-Ala, Gly, Aib, P-Ala, Acp, L-Cys, D-Cys j 


1 Arginine \ 

! 1 


R 1 

i 
! 


p_Arg i Lys, D-Lys, nomo-Mrg, u-nomu /"viy, mcv, j 
lie, D-Met, D-lle, Orn, D-Orn j 


Asparagine 


N i 


D-Asn, Asp, D-Asp, Glu, D-Glu, Gin, D-GIn 


Aspartic Acid 


D I 


D-Asp, D-Asn, Asn, Glu, D-Glu, Gin, D-GIn 


j , ~ 

t Cysteine 


c ■ i 


D-Cys, S-Me-Cys, Met, D-Met, Thr, D-Thr 


1 Glutamine 


Q i 


D-GIn, Asn, D-Asn, Glu, D-Glu, Asp, D-Asp 


i 

j Glutamic Acid 


E 1 


D-Glu, D-Asp, Asp, Asn, D-Asn, Gin, D-GIn 


i _ 

! Glycine 


1 

G 


Ala, D-Ala, Pro, D-Pro, Aib, p-Ala, Acp _^ 


! Isoleucine 


1 


D-He, Val, D-Val, AdaA, AdaG, Leu, D-Leu, Met, 
D-Met 


1 Leucine 

1 


L 


D-Leu, Val, D-Val, AdaA, AdaG, Leu, D-Leu. 
Met, D-Met 


j Lysine 

! 
i 


K 

i 


D-Lys, Arg, D-Arg, homo-Arg, D-homo-Arg, Met, 
D-Met, lie, D-lle, Orn, D-Orn 


i — . 

| Methionine 


| M 


D-Met, S-Me-Cys, lie, D-lle, Leu, D-Leu, Val, D- 
Val 



D-Phe, Tyr, D-Thr, L-Dopa. His, D-His. Trp, D- j 
Trp, Trans-3,4, or 5-phenylproline, AdaA, AdaG, ; 
cis-3,4, or 5-phenylproline. Bpa, D-Bpa 



T>Pro, L-l-thioazolidine-4-carboxylic acid, D-or 
L-1-oxazolidine-4-carboxylic acid (Kauer, U.S. 
Pat. No. (4,511,390) 



■ Serine 


i S 


D-Ser. Thr, D-Thr, allo-Thr. Met, D-Met, Met (O), . 
D-Met(O), L-Cys, D-Cys 


! Threonine 


; t 


: D-Thr, Ser, D-Ser, ailo-Thr. Met, D-Met, Met(O), • 
i D-Met'(O), Val, D-Val 


: Tyrosine 


' Y 


1 D-Tyr, Phe, D-Phe, L-Dopa, His. D-His 


Valine 


V 


i D-Val. Leu, D-Leu. lie. D-lie. Met, D-Met, AdaA, 
: AdaG 
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As can be seen in this table, some of these modifications can 
be used to render the peptide more resistant to proteolysis. Of course, 
modifications of the peptides can also be effected without affecting the primary 
sequence thereof using enzymatic or chemical treatment as well-known in the 
art. 

Thus, the term "variant" refers herein to a protein or nucleic 
acid molecule which is substantially similar in structure and biological activity to 
the protein or nucleic acid of the present invention. Of course, conservedamino 
acids can be targeted and replaced (or deleted) with a "non-conservative" amino 
acid in order to reduce, or destroy the biological activity of the protein. Non- 
limiting examples of such genetically modified proteins include dominant negative 
mutants. 

As used herein, "chemical derivatives" is meant to cover 
additional chemical moieties not normally part of the subject matter of the 
invention Such moieties could affect the physico-chemical characteristic of the 
derivative (e.g. solubility, absorption, half life and the like, decrease of toxicity). 
Such moieties are exemplified in Remington's Pharmaceutica. Sciences (e.g. 
1980) Methods of coupling these chemical-physical moieties to a po.ypept.de 
are well known in the art. It will be understood that chemical modifications and 
the like could also be used to produce inactive or less active agents or 
compounds. These agents or compounds could be used as negative controls or 
for eliciting an immunological response. Thus, eliciting immunological tolerance 
using an inactive modification of one of tie validated targets in accordance w,th 
the present invention is also within the scope of the present invention. 

The term "allele" defines an alternative form of a gene which 

occupies a given locus on a chromosome. 

It should be understood that numerous types of antifungal 
polypeptides, fragments, and derivat.ves thereof can be produced using 
numerous types of modifications of the ammo acid cha.n. Such numerous tpes 
of modif.cat.ons are well-known to those skilled in the art. Broadly, these 
modifications include, without being limited thereto, a reduction ofthe s,ze of the 
molecule and/or the modification of the ammo acid sequence thereof. Also, 
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chemical modifications such as, for example, the incorporation of mod.f.ed or 
non-natura. amino acids or non-amino acid moieties, can be made to polypeptide 
derivative or fragment thereof, in accordance with the present invention. Thus, 
synthetic peptides including natural, synthesized or modified amino acids, or 

i mixtures thereof, are within the scope of the present invention. 

Numerous types of modifications or derivatizations of the 
antifungals of the present invention, and particularly of the validated targets of 
the present invention, are taught in Genaro, 1995, Remington's Pharmaceutical 
Science The method for coupling different moieties to a molecule in accordant 

D with the present invention are well-known in the art. A non-limiting example 
thereof includes a covalent modification of the proteins, fragments, or der.vat.vs 
thereof More specifically, modifications of the amino acids in accordance with 
the present invention include, for example, modification of the cysteiny. rescues, 
of the histidyl residues, lysinyl and aminoterminal residues, arginyl rescues. 

5 thyrosy. residues, carboxy. side groups, glutamyl and aspariginy. rescues. 
Other modifications of amino acids can also be found in Creighton. 1983, In 

Proteins, Freeman and Co. Ed., 79-86. 

As commonly known, a "mutation" is a detectable change in 
the genetic materia, which can be transmitted to adaughter cell. As well known, 
20 a mutation can be, for example, a detectable change in one or more 
deoxyribonucleotide. For example, nucleotides can be added, deleted, 
substituted for, inverted, or transposed to a new position. Spontaneous mutators 
and experimentally induced mutations exist. The resUt of a mutations of nuc.eic 
acid molecule is a mutant nuc.eic acid molecule. A mutant polypeptide can be 
25 encoded from this mutant nucleic acid molecule. 

The terminology "dominant negative mutation" refers to a 
mutation which can somehow sequester a b.nd.ng partner, such that thebinding 
partner is no longer available to perform, regular or affect an essential function 
in the cell Hence, this sequestrat.on affects the essential function of the ceding 
30 partner and enables an assayab.e change in the cel. growth of the cell. In one 
preferred embodiment, the change is a decrease in growth of the cell, or even 
death thereof. 
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As used herein, the term "purified" refers to a molecule having 
been separated from a cellular component. Thus, for example, a "purified 
protein" has been purified to a level not found in nature. A "substantially pure- 
molecule is a molecule that is lacking in most other cellular components. 

As used herein, the terms "molecule", "compound" or "ligand 
are used interchangeably and broadly to refer to natural synthetic or semi- 
synthetic molecules or compounds. The term "molecule" therefore denotes for 
example chemicals, macromolecu.es, cell or tissue extracts (from plants or 
animals) and the .ike. Non limiting examples of molecules include nuc.eic acd 
molecules, peptides, antibodies, carbohydrates and pharmaceutical agents. The 
agents can be se.ected and screened by a variety of means including random 
screening rationa. setection and by rationa. design using for examp.e prote.n or 
, ig and modelling methods such as computer modelling, combinatoria. .ibrary 
screening and the like. It shall be understood that under certain embod.ments, 
more than one "agents" or "mo.ecu.es" can be tested simu.taneous.y. .ndeed, 
poo.s of mo.ecu.es can be tested. Upon the identification tf a P oo. of mo.ecu.es 
as having an effect on an interaction according to the present invention, the 
mo.ecu.es can be tested in smaller poo.s or tested individually to identify the 
molecule initially responsible for the effect. The terms "rationally selected" or 
• rationally designed" are meant to define compounds which have been chosen 
based on the configuration of the validated targetsor interaction doma.ns thereof 
of the present invention. As wi.. be understood by the person of ordinary sk.ll. 
macromolecules hav.ng non-natura.ly occurring modifications are also w,th,n he 
scope of the term "molecule". For example, peptidomimetics, well known ,n the 
pharmaceutical industry and generally referred to as peptide analogs can be 
generated by modelling as mentioned above Similarly, in a preferred 
embodiment, the polypeptides of the p.sent .nvent.on are modified to enhance 
their stability. The molecules identified in accordance with the teachings of the 
present invention have a therapeut.c value in dseases or conditions associated 
with a fungal infection, and particularly withC. albicans infect.ons. Alternately, 
the molecules identified in accordance with the teachings of the present .nvent.cn 
find utility in the development of more efficient antifungal agents. 
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The term "mimetic" refers to a compound which is structural*/ 
and functionally related to a reference compound, whether natural, synthetic or 
chimeric. The term "peptidomimetic" is a non-peptideor polypeptide compound 
which mimics the activity-related aspects of the 3-dimensional structure of a 
peptide or polypeptide. Thus, peptidomimetic can mimic the structure of a 
fragment or portion of a fungi polypeptide. Inaccordance with one embodiment 
of the present invention, the peptide backbone of a mutant of a validated target 
of the present invention is transformed into a carbon-based hydrophobic 
structure which retains its antifungal activity. This peptidomimetic compound 
therefore corresponds to the structure of the active portion of the mutant from 
which it was designed. Such type of derivatization can be done using standard 

medical chemistry methods. 

Libraries of compounds (publicly available or commercially 
available) are well-known in the art. The term "compounds" is also meant to 
cover ribozymes (see, for example, US 5,712,384, US 5,879,938; and 
4,987,071), and aptamers (see, for example. US 5,756,291 and US 5,792613). 

It will be apparent to a skilled artisan that the present inventim 
is amenable to the chip technology for screening compoundsor diagnosing fungi 
infection. Furthermore, screening assays in accordance with the present 
invention can be carried out using the well-known array or micro-array 
technology. 

The present invention also provides antisense nucleic acid 
molecules which can be used for example to decrease or abrogate the 
expression of the nucle.c acid sequences or proteins of the present invention. 
An antisense nucleic acid molecule according to the present invention refers to 
a molecule capable of forming a stable duplex or triplex with a portion of its 
targeted nucleic ac.d sequence (DNA or RNA). In one part.cular embodiment, 
the antisense is specific to 4E-BP1 . The use of antisense nucleic acid molecules 
and the design and modification of such molecules is well known in the art as 
described for example in WO 96/32966, WO 96/11256. WO 94/15646, WO 
93/08845 and USP 5,593.974. Antisense nucleic acid molecules according to 
the present invention can be derived from the nucle,c acid sequences and 
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modified in accordance to well known methods. For example, some antisense 
molecules can be designed to be more resistant to degradation to hcrease their 
affinity to their targeted sequence, to affect their transport to chosen cell types 
or cell compartments, and/or to enhance their lipid solubility bu using nucleotide 
5 analogs and/or substituting chosen chemical fragments thereof, as commonly 
known in the art. 

It shall be understood that the "in vivo" experimental model 
can also be used to carry out an "in vitro" assay. For example, extracts from the 
indicator cells of the present invention can be prepared and used in one of the 
10 in vitro method of the present invention or an in vitro method known in the art. 

As used herein the recitation "indicator cells" refers to cells 
that express, in one particular embodiment, one of CaKRE5, CaALRI, and 
CaCDC24, in such a way that an identifiable or selectable phenotype or 
characteristic is observable or detectable. Such indicator cells can be used in 
15 the screening assays of the present invention. In certain embodiments, the 
indicator cells have been engineered so as to express a chosen derivative, 
fragment, homolog, or mutant of these interacting domains Preferably, the cells 
are fungal cells. In one embodiment, the cells areS. cerevisiae cells, in another 
C. albicans cells. In one particular embodiment, the indicator cell is a yeast cell 
20 harboring vectors enabling the use of the two hybrid system technology, as well 
known in the art (Ausubel et al., 1994, supra) and can be used to test a 
compound or a library thereof. In one embodiment, a reporter gene encoding a 
selectable marker or an assayable protein can be operably linked to a control 
element such that expression of the selectable marker or assayable protein is 
25 dependent on a function of one of the validated targets. Such an indicator cell 
could be used to rapidly screen at high-throughput a vast array of test molecules 
In a particular embodiment, the reporter gene is luciferase or (J-Gal. 

In one embodiment, the validated targets of the present 
invention may be provided as a fusion protein. The designof constructs therefor 
30 and the expression and product.on of fusion proteins are well known in the art 
(Sambrook et al.. 1989, supra: and Ausubel et a!.. 1994, supra). In a particular 
embodiment, both interaction domains are part of fusion proteins. A non-limting 
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example of such fusion proteins includes a LexA-X fusion (DNA-binding domairv 
4E-X; bait, wherein X is a validated target of the present invention or part or 
derivative thereof) and a B42 fusion (transactivator domain-Y; prey, wherein Y 
is a factor or part thereof which binds to X). In yet another particular 

5 embodiment, the LexA-X and B42-Y fusion proteins are expressed in a yeast cei 
also harboring a reporter gene operably linked to a LexA operator and/or LexA 
responsive element. Of course, it will be recognized that other fusion proteins 
can be used in such 2 hybrid systems. Furthermore, it will be recognized that the 
fusion proteins need not contain the full-length validated target or mutant trereof 

10 or polypeptide with which it interacts. Indeed, fragments of these polypeptides, 
provided that they comprise the interacting domains, can be used in accordant 

with the present invention. 

Non-limiting examples of such fusion proteins include a 
hemaglutinin fusions, Gluthione-S-transferase (GST) fusions and Maltose 
15 binding protein (MBP) fusions. In certain embodiments, it might be beneficial to 
introduce a protease cleavage site between the two polypeptide sequences 
which have been fused. Such protease cleavage sites between two 
heterologously fused polypeptides are well known in the art. 

In certain embodiments, it might also be beneficial to fuse the 
20 interaction domains of the present invention to signal peptide sequences 
enabling a secretion of the fusion protein from the host cell. Signal peptides fron 
diverse organisms are well known in the art. Bacterial OmpA and yeast Suc2 ae 
two non limiting examples of proteins containing signal sequences. In certain 
embodiments, it might also be beneficial to introduce a linker (commonly knowr) 
25 between the interaction domain and the heterologous polypeptide portion. Sjch 
fusion protein find utility in the assays of the present invention as well as for 
purification purposes, detection purposes and the like. 

For certainty, the sequences and polypeptides useful to 
practice the invention include without being limited thereto mutants, homologs, 
30 subtypes, alleles and the like. It shall be understood that in certain 
embodiments, the sequences of the present invention encode a functional (albet 
defective) interaction domain. It will be clear to the person of ordinary skill that 
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whether an interaction domain of the present invention, variant, derivative, or 
fragment thereof retains its function in binding to its partner can be readily 
determined by using the teachings and assays of the present invention and the 

general teachings of the art. 
5 Of course, the interaction domains of the present invention 

can be modified, for example by in vitro mutagenesis, to dissect the structure- 
function relationship thereof and permit a better design and identification of 
modulating compounds. Derivative or analogs having lost their biological 
function of interacting with their respective interaction may find an additional 
10 utility (in addition to a function as a dominant negative, for example) in raising 
antibodies. Such analogs or derivatives could be used for example to raise 
antibodies to the interaction domains of the present invention. These artibodies 
could be used for detection or purification purposes. In addition, these 
antibodies could also act as competitive or non-competitive inhibitor and be 
1 5 found to be modulators of the activity of the targets of the present invention. 

A host cell or indicator cell has been "transfected" by 
exogenous or heterologous DNA (e.g. a DNA construct) when such DNA has 
been introduced inside the cell. The transfecting DNA may or may not be 
integrated (covalently linked) into chromosomal DNA making up the genome of 
20 the cell. In prokaryotes, yeast, and mammalian cells for example,the transfecting 
DNA may be maintained on a episomal element such as a plasmid. Transfection 
and transformation methods are well known in the art (Sambrook et al., 1989, 
supra; Ausubel et a!., 1994 supra. Yeast Genetic Course, A Laboratory Manual, 
CSH Press 1987). 

25 In general, techniques for preparing antibodies (including 

monoclonal antibodies and hybridomas) and for detecting antigens using 
antibodies are well known in the art (Campbell. 1984, In "Monoclonal Antibody- 
Technology: Laboratory Techniques in Biochemistry and Molecular Biology", 
Elsevier Science Publisher, Amsterdam, The Netherlands) and in Harlow et al., 

30 1988 (in: Antibody- A Laboratory Manual, CSH Laboratories). The present 
invention also provides polyclonal, monoclonal antibodies, or humanized 
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versions thereof, chimeric antibodies end .he like which MM or resize their 
respective interaction domeins end/or ere specific thereto. 

From ,he specification and appended claims, the term 
therapeutic agen, should be taken in a broad sense so as to atso inctudea 
combination of at least two such therapeutic agents. 

In one particular embodiment, the present invention prondes 
tne means to treat fungal infection comprising an administration o, an effective 
amount of an antifungal agent of the present invention. 

For administration to humans, the prescribing medical 
professional will utfima.ely determine the appropriate form and dosage fo, a 
given patient, and fhis can be expected to vary according fo the chosen 
Lrapeutic reg,men (e.g. DNA construct, protein, molecule), the response and 
condition ot the patient as well as the severity of the disease. 

Composition within the scope of the present invention shodd 
contain the active agen, (e.g. protein, nucleic acid, or molecule) in an amount 
effecfive fo achieve .he desired therapeutic effect while avoiding adverse s,de 
effects Typically, the nucleic adds in accordance with the present 
b. administered ,o mammals (e.g. humans) in doses ranging from 0.005 to n, 
per kg of body we,gh, per day o, .he mamma, which is .rested. Pharmaceutic^ 
acceptable preparations and salts of .be acfive agen. are -tin .hescope of he 
presen, invenfion and are well known in .he art (Reminds Pharmaceufica, 
Science 1«h Ed.. Mack Ed ). For the administration of polypeptides, 
antagonists, agonists and the like, the amount administered should be chosen 
so as to avoid adverse side effects. The dosage will be adapted by the clinicran 
,„ accordance wi,h conventional factors such as the exten, o, .he disease and 
different parameters from the patient Typically. 0.00. to 50 mg/kg/day w„, be 
administered to the mammal. 

B RIEF DESCRIPTJ QNOEJmDRAWlNGS 

Having thus generally described the invention, reference w.ll 
now be made to the accompanying drawings. show,ng by way of .lustration a 
preferred embodiment thereof, and in which: 
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Figure 1 shows CaKRE5 sequence and comparison to the S. 
cerevisiae KRE5, Drosophila melanogaster UGGT1, and S. pomoe GPT1 
encoded proteins. (A) illustrates nucleotide and predicted amino acid sequence 
of CaKreSp. The CaKreSp signal peptide is underlined in bold. The ER retention 

5 sequence His-Asp-Glu-Leu (HDEL) is indicated in bold at the C-term.nus. 
Non-canonical CTG codons encoding Ser in place of Leu are italicized. (B) 
shows protein sequence alignment between CaKreSp, KreSp. Gptlp, and 
Uggtp Proteins are shown in single-letter amino acid code with amino ac.d 
identities shaded in b.ack and similarities shaded in gray. Gaps introduced to 

,0 improve alignment are indicated by dashes and amino acid positions are shown 
at the left; 

Figure 2 shows CaALRI sequence and comparison to S. 
cerevisiae Alrtp and Alr2p. (A) illustrates nucleotide and predicted amino acid 
sequence of CaALRI. Two hydrophobic amino acid stretches predicted to 

15 serve as transmembrane domains are indicated in bold. Non-canonica. CTG 
codons are italicized. (B) shows protein sequence alignment between 
CaAlrlp AIM p. and Alr2p. Proteins are shown in single-letter amino acid code 
with amino acid identities shaded in black and similarities shaded in gray. 
Dashes indicate gaps introduced to improve alignment; 

20 Figure 3 shows CaCDC24 sequence and comparison to 

CDC24 from S. cerevisiae and S. pomoe. (A) illustrates nucleotide and 
predicted amino acid sequence of CaCDC24. Non-canonica. CTG codons are 
italicized. (B) shows protein sequence alignment between CaCdc24p, S. 
cerevisiae Cdc24p, and the S. pombe homo.og. Scd1 P . The CaCdc24 P dbl 

25 homology domain extends from amino acids 280-500. A p.eckstrin homo.ogy 
domain is detected from residues 500-700. Protein a.ignments are formated 

as described in Fig. 1 and 2; and 

Figure 4 illustrates disrupts of CaKRE5, CaALRI, and 
CaCDC24 Restriction maps of (A) CaKRE5, (C) CaALRI, and (E) CaCDC24 
30 disp.ay restriction sites pert.nent to d.srupt.on strategies. The insertion pos.t.on 
of the h isG-URA3-hisG disruption modu.e relat.ve the CaKRE5, CaALRI, and 
CaCDC24 open reading frames (indicated by open arrows) is indicated as we.. 
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as probes used to verify disruptions by Southern blot analysis. (B. D, F.) show 
southern blot verification of targeted integration of the hisG-URA3-hisG 
disruption module into CaKRES, CaALRI. and CaCDC24 and its precise 
excision after 5-FOA treatment. (B) shows genomic DNA extracted from 
5 Candida albicans wild-type strain, CAM (lane 1), heterozygote 
CaKRE5/cakre5A::hisG-URA3-hisG (lane 2), heterozygote 
CaKRE5/cakre5A::hisG after 5-FOA treatment (lane 3), and a representee 
transformant resulting from the second round of transformation into a 
CaKRE5/cakre5A::hisG heterozygote (lane 4), were digested with Hindlll and 
,0 analyzed using CaKRES, hisG, and CaURA3 probes. Asterisks identify the 
1.6 kb ladder fragment that nonspecifically hybrid.zes to the three probes. (D) 
shows genomic DNA extracted from CAM (lane 1), heterozygote 
CaALR1/caalr1A::hisG-URA3-hisG (lane 2), heterozygote 

CaALR1/caalr1A::hisG after 5-FOA treatment (lane 3), and a representee 
15 transformant resulting from the second round of transformation into a 
CaALR1/caalr1A::hisG heterozygote (lane 4), were digested with EcoRI and 
analyzed using CaALRI, hisG, and CaURAS probes. (F) shows genomic 
DNA extracted from CAI-4 (lane 1). heterozygote 
CaCDC24/cacdc24A::hisG-URA3-hisG containing the disruption module in 
20 orientation 1 (lane 2), heterozygote CaCDC24/cacdc24A::hisG-URA3-hisG 
containing the disruption module in orientation 2 (lane 3), heterozygote 
CaCDC24/cacdc24A::hisG (orientation 1) after 5-FOA treatment (lane 4), 
heterozygote CaCDC24/cacdc24A::hisG (orientation 2) after 5-FOA treatment 
(lane 5) and a representee transformant resulting from the second round of 
25 transformation into a CaALRI /caalr1A::hisG (orientation 1) heterozygote (lane 
6), were digested with EcoRI and analyzed using CaCDC24, hisG. and 
CaURA3 probes. 

Other objects, advantages and features of the present 
invention will become more apparent upon reading of the following 
30 non-restrictive description of preferred embod.ments with reference to the 
accompany.ng drawing which is exemplary and snould not be interpreted as 
limiting the scope of the present invention. 
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PFC£ £«ptiom OF THE PRPPFRRED EMBODIMENT 

Three C. albicans genes whose gene products are 
homologous to those encoded by the essential genes KRE5, CDC24, and ALR1 
from S. cerevisiae were identified. These genes participate in essential cellular 

5 functions of cell wall biosythesis, polarized growth, and divalent cationtransport, 
respectively. Disruption of these genes in C. albicans experimentally 
demonstrates their essential role in this pathogenic yeast. Database searches 
fail to identify clear homologous counterparts in Caenorhabditis elegans, mouse 
and H. sapiens genomes, supporting the utility of these genes as novel 

10 antifungal targets. 

Full length clones of CaKRE5, CaCDC24 and CaALRI using 
available fragments of C. albicans DNA were isolated by Polymerase Chain 
Reaction (PCR) to amplify genomic DNA derived from C. albicans strain 
SC5314. The PCR products were radiolabeled and used to probe the C. 
albicans genomic library by colony hybridization. DNA sequencing revealed 
complete open reading frames of CaKRE5, CaCDC24 and CaALRI sharing 
statistically significant homology to their S. cerevisiae counterparts namely 
KRE5, CDC24 and ALR1 all of which have met several criteria expected for 

potential antifungal drug targets. 

Disruption of CaKRE5, CaCDC24 and CaALRI was 
performed. The disruption plasmids were digested and transformed into C. 
albicans strain CA14. Southern blot analysis confirmed that the afoementioned 

genes are essential in C. albicans. 

CaKRE5, CaCDC24 and CaALRI were used in antifungal 
screening assays which confirmed the.r potential to screen for novel antifungal 
compounds. 
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KRE5 

The C. albicans KRE5 gene meets several criteria expected 
30 for a potential antifungal drug target. InS. cerevisiae. deletion of KRE5 confers 
a lethal phenotype (2). Although KR£5-deleted cells are known to be viable in 
one particular stra.n background, they are extremely slow grow.ng and 
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spontaneous extragenic suppressors are required to propagate kre5null cells 
under laboratory conditions. Genetic analyses suggest that KRE5, together 
with a number of additional KRE genes (e.g. KRE9) participate in the in vivo 
synthesis of (3-(1,6)-glucan. p-(1,6)-glucan covalently cross-links or "glues- 
other cell surface constituents, namely p-(1 3)-glucan, mannan, and chitin into 
the final wall structure and has been shown to be essential for viability in both 
S. cerevisiae and C. albicans (1,2 and references therein). Importantly, 
(3-(1,6)-glucan has been demonstrated to exist in a number of additional funga 1 
classes including other yeast and filamentous Ascomycetes, Basidiomycetes, 
Zygomycetes and Oomycetes, emphasizing the likelihood that gene products 
functioning in the 0-(1,6)-gIucan biosynthetic pathway could serve as broad 
spectrum drug targets. Moreover, experimental efforts have failed to detect 
p-(1,6)-glucan in higher eukaryotes, suggesting that inhibitory compounds 
identified to act against CaKre5p would likely display a minimal toxicity to 
mammalian and more particularly to humans. Having now shown that CaKRE5 
is essential C. albicans, and knowing that KRE5 is also essential in S. cerevisiae, 
two yeasts which have significantly diverged evolutionary, strongly suggest that 
KRE5 is a target for antifungal drug screening and diagnose in a wide variety of 
fungi, including animal- and plant-infesting fungi. 

Consistent with a role in 0-(1 ,6)-glucan biosynthesis, in vivo 
levels of this polymer are reduced substantially in kre5- 1 cells versus an 
isogenic wild type strain, and are completely absent in several 
independently-suppressed Kre5 null strains (2). In addition, Kre5 mutants 
show a number of genetic interactions with KRE6. another gene involved in 
P-(1,6)-glucan assembly. Although the biochem.stry of (3-(1 .6)-glucan synthesis 
remains poorly understood, recent stud.es demonstrate that cell wall 
mannoproteins are extensively glucosylated through p-(1 ,6) linkages and 
that this modification plays a central role in their anchorage within the 
extracellular matrix. Kre5p plays a critical role in this process as Cwp1 p. an 
abundentcell wall protein which is demonstrated to be highly glucosyated 
through (3-(1,6)-glucan addition, is undetected in the cell wall fraction of kre5nuli 
cells, and instead secreted into the medium. 
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The predicted KRE5 gene product offers only limited insight 
into a possible biochemical activity related to ,6)-glucan production. KRE5 
encodes a large secretory protein containing both an N-terminal signal peptide 
and C-terminal HDEL retention signal for localization to the endoplasmic 
reticulum. Interestingly, Kre5 P has limited but significant homology to 
UDP-glucose:glycoprotein glycosyltransferases (UGGT), an enzyme class 
participating in the "quality control" of protein folding. Such UGGT enzymes 
function to "tag" misfolded ER proteins by reglucosylation of /v-linked 
GlcNAc2Man9 core oligosaccharide structures present on misfolded proteins. 
Proteins labelled in this way are substrates for theER chaperonin, calnexin, 
which facilitates refolding of the misfolded protein. However, genetic 
analyses to address the relative involvement of Kre5p in glucosylation-dependent 
protein folding and (3-(1 ,6)-glucan biosynthesis demonstrate that the essential 
function of Kre5p is unrelated to protein folding, and instead relates to its rote 
15 in p-(1,6)-glucan polymer biosynthesis (3). Although it remains to be 
demonstrated biochemically, KreSp homology to glycosyltransferases likely 
reflects its role in the early biosynthesis of this polymer. 
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ALR1 

The product of the C. albicans gene, CaALRI, also meets 
several criteria characteristic of a suitable antifungal drug target. In S. 
cerevisiae, ALR1 is essential for cell viability, although this essentiality is 
suppressed under growth conditions containing non-physiologically-relevant 
levels of supplementary Mjf a . ALR1 encodes a 922 amino acid protein 
containing a highly charged N-termina. domain and two hydrophobic 
C-terminal regions predicted to serve as membrane spanning domains 
anchoring the protein at the plasma membrane. Although such a localization 
remains to be directly demonstrated, deposition to the cell surface makes 
AIMp an attractive drug target in terms of both bioavailability and resistance 
issues. Alrlp shares substantial homology to two additional S. cerevisiae 
proteins, Alr2p (70% identity) and Ykl054p (34% identity). Both Alrlp and Alr2p 
share limited similarity to CorA. a Salmonella typhimurium/periplasmic 



WO 00/68420 



PCT/CA00/00533 



33 



10 



15 



membrane protein involved in divalent cation transport. Mammalian 
homologies to ALR1 have not been detected despite extensive homology 
searches in metazoan databases (data not shown). 

Although ALR1 was identified in a screen for genes that 
confer increased tolerance to Al* 3 when overexpressed. biochemical analyses 
support a role for ALR1 in the uptake system for Mg' 2 and possibily other 
divalant cations. Mg +2 is an essential requirement for bacterial and yeast 
growth. Uptake of radiolabeled Co +2 , an analog of Mg +2 for uptake assays, 
correlates with ALR1 activity. 

CDC24 

A third potential antifungal drug target is the product of the 
C albicans gene, CaCDC24. CDC24 is essential for viability in both S. 
cerevfetoe and S. pombe (5). CDC24 has been biochemically 
demonstrated to encode GDP-GTP nucleotide exchange factor (GEF) 
activity towards Cdc42p, a Rac/Rho-type GTPase involved in polarization of 
the actin cytoskeleton. Conditional alleles of CDC24 shifted to the 
nonpermisive temperature lack a polarized distibution of actin, and 
consequentially form large, spherical, unbudded cells in which the normal 
polarized deposition of cell wall material is disrupted. Eventually, cdc24 
mutants lyse at the restrictive temperature. CDC24-dependent activation of 
CDC42, is also required for the activation of the pheromone response signal 
transduction pathway during mating, and likely participates in the activation of 
this pathway under conditions that promote pseudohyphal development, since 
a downstream effector of CDC42. STE20, is requ.redfor hyphal formation. Thus 
CDC24 regulates cell wall assembly and the yeast-hyphal dimorpnic transition, 
both key cellular processes and targets being actively pursued in antifungal drug 
screens. 

Cdc24p localizes to the cell cortex concentrating at sites of 
30 polarized growth and interacts phys.cally with a number of proteins including 
Cdc42p, Bemlp, and the heterotr.meric G protein P and y subunits encoded 
by STE4 and STE18 respectively. Cdc24p shares 24% overall identity to is 
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S. pombe counterpart, Scdlp. Similar homology has not been found in 
mammalian database protein searches, although Cdc24p does possess limited 
homology to a domain of the human exchange protein, dbl, and contains a 
pleckstrin homology domain, common to several mammalian protein classes. 
In contrast to Cdc24p, which has limited homology outside of fungi, Cdc42p 
shares 80-85% identity to mammalian proteins. The fungal-specific character of 
CDC24 may be due to its role in hallmark fungal processes like bud formation, 
pseudohyphal growth, and projection formation during mating, whereas CDC42 
performs highly conserved functions (namely actin polymerization and signal 
transduction) common to all eukaryotes. 

Isolation of CaKRE5, CaCDC24, and CaALRL 

To isolate full length clones of CaKRE5, CaCDC24, and 
CaALRL oligonucleotides were designed according to publicly available 
fragments of C. albicans DNA sequence. Polymerase chain reaction (PCR) 
using oligonucleotide pairs CAKRE5. 1 /CAKRE5.2, CaCDC24.1/CaCDC24.2. 
and CaALRL 1/CaALR1 .2 to amplify genomic DNA derived from C. albicans 
strain SC5314 yielded 574, 299, and 379 bp products, respectively. These PCR 
products were 32 P-radiolabeled and used to probe a YEp352-based C. 
albicans genomic library by colony hybridization. 

Sequence Information 

DNA sequencing of two independent isolates representing 
putative CaKRE5 and CaALRI clones revealed complete open reading 
frames (on) sharing statistically significant homology to their S. cerevisiae 
counterparts (Figs. 1, 2). DNA sequencing of multiple isolates oiCaCDC24 
revealed an orf containing strong identity to CDC24, but predicted to be 
truncated at its 3' end. The 3' end of CaCDC24 was isolated by PCR 
amplification using one oligonucleotide des.gned from its most 3' sequence ard 
a second oligonucleotide which anneals to the YEp352 polylinker allowing 
amplification of CaCDC24 C-terminal encoding fragments from this C. albicans 
genomic library. Subcloning and DNA sequencing of a 1.0 kb PCR product 
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completes the CaCDC24 open reading frame and reveals its gene product 
to share strong homology to both Cdc24p and Scdlp (Fig. 3). 

CaKRE5 

Sequence analysis reveals CaKRE5 and KRE5 are 
predicted to encode similarly-sized proteins (1447 vs 1365 amino acids; 166 vs 
156 kDA) sharing significant homology throughout their predicted protein 
sequences (22% identity, 42% similarity; see Fig. 1). Moreover, like KRE5, 
CaKRE5 is predicted to possess an amino-terminal signal peptide required for 
translocation into the secretory pathway, and a C-terminal HDEL sequence 
which facilitates the retention of soluble secretory proteins within the 
endoplasmic reticulum (ER). Although CaKreSp is more homologous to S. 
pombe and metazoan UGGT proteins throughout its C-terminal UGGT homology 
domain than to Kre5p, CaKreSp and Kre5p, are moe related to each other 
over their remaining sequence (approx. 1100 amino acids). This unique 
homology between the two proteins as well as a similar null phenotypes 
(see below) suggest that CaKRE5 likely serves as the KRE5 counterpart in C. 
albicans. 

CaALRI 

CaALRI encodes a 922 amino acid residue protein sharing 
strong identity to both ALR1 (1.0e-180) and ALR2 <1.0e-179: see Fig.2). Like 
these proteins, CaALRI possesses a C-terminal hydrophob.c region which 
likely functions as two transmembrane anchoring domains. CaALRI shares 
only limited homology, however, to two highly homologous reg.ons common to 
ALR1 and ALR2: neither the N-terminal 250 ammo acids of CaALRI nor its last 
50 amino adds C-terminal the hydrophobic domain share strong similarity to 
ALR1 or ALR2. In addition. CaALRI possesses two unique sequence 
extentions within the CorA homology region (one 38 ammo acids in length, the 
other, 16 amino ac.ds long) not found in either ALR1 or ALR2. Protein database 
searches identify a S.pombe hypothetical protein sharing strong homology to 
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CaALRI (2.7e-107), however no similarity to higher eukaryotic proteins were 
detected. 

CaCDC24 

5 Sequence analysis of the CaCDC24 gene product reveals 

extensive homology to both Cdc24p (1e-93) and Scdlp fromS. cerevisiae and 
S. pombe respectively (2e-61; see Fig. 3) throughout their entire open reading 
frames. Although limited similarity exists between CaCdc24p (and both Cdc24p 
and Scdlp) and a large number of metazoan proteins (upto 5e-1 8), in each 

10 case this homology is restricted to the nucleotide exchange domain predicted 
to span amino acid residues 250-500. Extensive analysis of metazoan 
databases failed to identify significant homology to either the N-terminal (amino 
acids 1-250) and C-terminal (amino acids 500-844) regions of CaCdc24p 
suggesting the CDC24 gene family is conserved exclusively within the fungal 

15 kingdom. 

Disruption of CaKRE5, CaALRI, and CaCDC24 

Fypftrimental strategy 

Disruption of CaKRE5 was performed using the 
20 hisG-CaURA3-hisG "URA-blaster" cassette constructed by Fonzi and Irwin 
and standard molecular biology techniques (1, and references within). A 
C akre5::hisG-CaURA3-hisG disruption plasmid was constructed by deleting 
a 780bp BamH1-Bglll DNA fragment from the library plasmid isolate, ^CaKRE5. 
and replacing it with a 4.0 kb BamHI-Bglll DNA fragment containing the 
25 hisG-CaURA3-hisG module from pCUB-5. This CaKRE5 disruption plasmid is 
deleted of DNA sequence encoding ammo acids 971-1231, which 
encompasses approx. 50% of the UGGT homology domain. This CaKRE5 
disruption plasmid was then digested with Sphl prior to transformation. 

A CaALRI disruption allele was constructed by first 
30 subcloning a 7.0 kp CaALRI BamHI-Sall fragment from YEp352-iibrary isolate 
pCaALRI into PBSKII+. A 841 bp CaALRI Hindlll-Bglll fragment was then 
replaced with a 4.0 kb hisG-CaURA3-hisG DNA fragment digested with Hindll 
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and BamHI from PBSK-hisG-CaURA3-hisG . This CaALRI disruption allele, 
which is .acking DNA sequences encoding amino acids 20-299, was digested 
using BamHI and Sail prior to transformation. 

A CaCDC24 insertion allele was constructed by first delet.ng 
a 0 9 kb K P n. fragment from YE P 352-.ibrary iso.ate P CaCDC24 to remove 
CSCDC24 upstream sequence containing BamHI and Bg.H restriction sites 
which obstruct the insertion of the h isG-CaURA3-nisG module. The 4.0 kb 
BamH.-Bg..l h isG-CaURA3-hisG fragment from pCUB-6 was then ligated .nto a 
unique Bg.ll site. The resulting plasmid possessing an insertion allele wrth.n 
CaCDC24 at amino acid position 306, was digested with Kpn. and Sal. pnor to 
transformation. 

CaKRE5, CaALRI. and CaCDC24 disruption plasm.ds were 
digested as described above, and transformed into C. albicans strain Ca- 
using the lithium acetate method. Transformants were selected as Ura + 
prototrophs on YNB + Casa plates. Heterozygous disruptants were identified 
by PCR (data not shown), verified by Southern blot (see below), and prepared 
for a second round of gene disruption by selecting for 5-FOA resistance. To 
assess the nu.l phenotype of each gene, a second round of transform atiors 
using heterozygous CaKREVca^, CaALRVcaalrl , and CaCDC24Joao6o24 
20 ura3- strains were performed as outlined above. 

Correct integration of the h isG-CaURA3-hisG module into 
CaKRES CaALRI. and CaCDC24 and CaURA3 excision from heterozygous 
strains was verified by Southern blot analysis using the fo.iowing probes: 

(1a) a 1.25 kb Xbal-Kpnl fragment digested from 
pCaKRE5 containing N-term.nal coding sequence of CaKRES, 

(1b) a 1.7 kb PCR product containing coding sequence 

from amino acid 404 and 3' flanking sequences of CaALRI: 

(1c) a 778 bp PCR product containing CaCDC24 coding 

sequence from ammo acids 154-430. 

(2) a 783 bp PCR product which contains the entire 
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CaURA3 coding region. 
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(3) a 898bp PCR product encompassing the entire 
Salmonella typhimurium hisG gene. Genomic DNA from CaKRES-disrupted 
strains were digested with Hindlll and EcoR1 was used to digest genom.c 
DNA from CaALRI and CaCDC24-disrupted strains. 

Results 

Southern blot analysis revealed that the 
C akre5::hisG-CaURA3-hisG disruption fragment integrated precisely into the 
wild type locus (Fig. 4B) after the first round of transformations. Both a 5.0 
kb wild type band and a 9.0 Kb band diagnostic of the CaKRES-disrupted 
allele were detected using the CaKRE5 probe (Fig. 4B). The 9.0 kb band was 
also detected with both the hisG and CaURA3 probes, confirming disruption of 
the first CaKRE5 copy. Successful excision of the CaURA3 gene by growth on 
5-FOA was validated by 1) a predicted shift in size of the CaKRES disruption 
fragment from 9.0 kb to 6.0 kb when probed with either CaKRE5 or hisG 
probes; and 2) the inability of the CaURA3 probe to recognize this fragment 
and the resulting strain having reverted to ura3- prototrophy. 

To determine whether CaKRES is essential, the 
transformation was repeated in two independently-derived 
CaKRE5/cakre5::hisG, ura3-/ura3- heterozygote strains. A total of 36 Ura + 
colonies (24 small and 12 large colonies after 3 days of growth) were analyzed 
by PCR using oligonucleotides which amplify a 2.5 kb wild-type fragment that 
spans theBamHI and Bglll sites bordering the disrupted r egion. All 
colonies were shown to contain this 2.5 kb wild-type fragment but to 
lack the 2.8 kb cakre5::hisG allele, consistent with the 
cakre5-h,sG-CaURA3-hisG module integrating at the disrupted locus. 
Southern blot ana.vs.s using the 3 different probes independently 
confirmed 4 such Ura + transformants as bonaf,de CaKRE5/cakre5::h,sG- 
CaURA3-hisG heterozygotes. If d.sruption of both cop.es of the gene was 
not essential, then 50% of the recovered disruptants would be expected 
to intearate into the CaKREo locus, giving 50% homologous and 50% 
heterozygous disruptants. This is the case, for example, when d.srupt.ng 
the second wild-type allele of CaKREL Indeed, CaKREI was shown not to be 
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essentia! in C. albicans by this disruption method, since an equal number of 
heterozygous and homozygous strains resulted from this second round of 
transformations (data not shown). However, the absence of any homozygous 
CaKRE5 disrupted transformants being detected among the 36 Ura+ 
transformants analyzed in this experiment demonstrates that CaKRE5 is an 
essential C. albicans gene. It further validates CaKRE5 and its gene product 
as a therapeutic target for drug discovery in this pathogen. 

CaALRI 

Southern blot analysis of CaALRI first round transformants 
confirmed correct integration of the C aalr1::hisG-CaURA3-hisG disruption 
module as judged by an appropriately sized disruption band of 5.7 kb, and a 
wild-type fragment predicted to be >9.0 kb detected by the CaALRI probe 
(Fig. 4D). This 5.7 kb band was also detected with both ihehisG and CaURA3 
probes, confirming disruption of one copy of CaALRI. Southern blotting 
confirmed excision of the CaURA3 gene by growth on 5-FOA as the CaALRI 
probe detected an expected 5.0 kb fragment due to theabsense of CaURA3. 
Moreover, this 5 kb caalr.hisG band was also detected using the hisG probe 
but not with the CaURA3 probe (Fig. 4D). 

Determination of the CaALRI null phenotype was 
performed as described for CaKRE5. However, as it has been reported 
that the inviability of the ALR1 null mutation in S. cerevisiae can be 
partially suppressed by supplementing the medium with MgCI 2 . Thus, the 
second transformation was performed by selecting for Ura+ colonies on 
500mM MgCI 2 -containing medium as well as on standardCasa plates. 35+ 
colonies of various size (22 of which were isolated from MgCU -supplemented 
plates) were analyzed by PCR to confirm caain ::hisG-CaURA3-hisG 
integration. The second allele from each of these 35 transformants was 
determined to be wild-type by PCR using oligonucleotides that span the 
insertion and produce a wild-type 1.6 kb product as opposed to the 
larger 1.75 kb product of the caalr::hisG allele. Southern blot analysis 
using the 3 different probes independently confirmed 4 such Ura+ 
transformants as CaALR1/caalr1 ::hisG-CaURA3-hisG heterozygotes. This 
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inability to identify any homozygous CaALRI disrupted transformant among 
the 35 Ura + colonies analyzed, experimentally demonstrates that CaALRI is an 
essential C. albicans gene and validates the CaALRI gene product as a 
therapeutic target for drug discovery against this pathogen. 

CaCDC24 

Southern blot analysis of CaCDC24 first round 
transformants using the CaCDC24 gene probe confirmed the correct integration 
of the C acdc24::hisG-CaURA3-hisG insertion fragment as both 2.55 kb and 3.7 
Kb fragments, which are diagnostic of the insert.onal allele, were detected in 
addition to the 2.2 kb wild-type CaCDC24 fragment (Fig. 4F). Moreover, both 
2 55 kb and 3.7 kb fragments were detected using CaURA3 and hisG probes. 
Excision of CaURA3 from the resulting heterozygote was verified by. 1) 
detecting a single 3.3 kb fragment unique to 5-FOA resistant colonies using the 
CaCDC24 or hisG probes; and 2) the failure to detect this band using the 

CaURA3 probe (Fig. 4F). 

As previously, a second round of transformations using the 

above described CaCDC24 heterozygote was performed. 28+ colonies of 
various size were analyzed by PGR to confirm C acdc24::hisG-CaURA3-bisG 
integration. The second allele from each of these 28 transformants was 
determined to be wild-type by PCR using oligonucleotides which span the 
insertion and produce a wild-type 0.5 kb product rather than the 1 .6 kb product 
of the caairr.hisG allele. Southern blot analysis using the 3 different probes 
independently confirmed 4 such Ura + transformants as 
CaCDC24/cacdc24;:hisG-CaURA3-hisG heterzvgotes. The inability to .dentify 
a homozygous CaCDC24 disrupted transformant among these 28 Ura+ 
colonies analyzed, again demonstrates that CaCDC24 is an essential C. albicans 
gene and is therefore a third validated drug target suitable for drug discovery 

aaainst this pathogen. 

Tne present invention is illustrated in further detail by the 

following non-limiting examples. 
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FXAMPLE 1 

/„ vivo Screening Methods for Specific Antifungal Agents 

Having now validated CaKRE5, CaALRI and CaCDC24 as 
drug targets in Candida albicans, heterologous expression of CaKRES, CaALRI, 
or CaCDC24 in S.cerevisiae kre5. alrl and cdc24 mutants respectively, allows 
replacement of the S. cerevisiae gene with that of its C. albicans counterpart 
and thus permits screening for specific inhibitors to this bonafide drug target in 
aS cerevisiae background where the additional experimental tractability of the 
organism permits additional sophistication in screen development. For example, 
drugs which block CaKreSp in S. cerevis.ae confer K1 killer toxin resistance, and 
this phenotype can be used to screen for such compounds. In a part.cular 
embod,ment, CaKRE5 can be generally modified to function inS. cerevisiae by 
replacing its promoter sequence with any strong constitutive S. cerev,s,ae 
promoters (e.g. GAL10, ACT1, ADM). As C. albicans utilizes an altered genetc 
code in which the standard leucine-CTG codon is translated as serine, all four 
codons (or any functional subset thereof) could be modified by site-d.rected 
mutagenesis to encode serine residues when expressed in S. cerevisiae. 
Compounds that impair CaKre5p activity in S. cerevisiae may be screened us.ng 
a K1 killer toxin sensitivity assay. Similarly, compounds could be screened wh.ch 
inactivate hetero.ogous.y-expressed CaCDC24 and consequently disrupt ,ts 
association with Rsrlp or Cdc42p in a two hybrid assay. Alternately. 
CaCDC24 funct.on could be monitored in a screen for compounds able to 

d. srupt pseudohyphal format.on in a CaCDC24-dependent manner. A whole cell 
drug screening assay based on CaALRI funcfion could sim.lary be 
envsaaed. For example. CaALRI -dependent influx of "CO :+ in a S. cerevisiae 

e, n mutant suppressed by supplementary Mcf could be monitored to ident.fy 
comoounds which specifically block tne .mport of divalent cat.ons. 
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FXAMPLE II 

In vitro Screening Methods for Specific Antifungal Agents 

n yse __of an in vitro to synthesiz e ft-M 6)-qlucan. 

In such an assay the incorporation of labelled glucose 
from UDP-glucose into a product that can be immunoprecipitated or 
immobilized with (M1.6)-glucan antibodies is measured. The specificity of this 
synthesis can be established by showing its dependence on CaKreSp, and 

its digestion with p-(1,6)-glucanase. 

Drugs which block this in vitro synthesis reaction, block p- 
(1 6)-giucan synthesis and are candidates for antifungal drugs, some may 
inhibit KreSp. others may inhibit other steps in the synthesis of this polymer. 
2 ij-p pf a ^p°Hfip in vitro «c ay for CaKre5p. 

CaKr e5p has amino-acid sequence similarities to 
UDP-glucose glycoprote.ng.ucosyltransferases (4). The CaKre5 P protein can 
be heterogeneously expressed and/or purified from Candida albicans and an m 
vitro assay devised by adding purified GP.-anchored cell wall proteins known to 
normally contain (3-(1 ,6)-glucan linkages in a KRE5 wild-type background but 
absent in *re5 deleted extracts. Such acceptor substrates could be obta.ned 
from available S. cerevisiae kre5 null extracts suppressed by second s.te 
mutations or conditional kre5 strains (e.g. under control of a regulable promoter 
or temperature sensitive mutation). CaKreSp dependent protein glycosylate » 
measured as radiolabeled incorporation of UDP-glucose into the acceptor 
substrate purified from the kre5 null extract. A.ternatively. it is possible to screen 
for compounds that b.nd to immobilized CaKre5 P . For example, scintilat.on 
proximity assays (SPA) could be developed in h.gh throughput format to detect 
compounds wh.cn disrupt b,nd,ng between CaKre5p and radiolabeled UDP- 
oiucos^ Alternatively, a SPA-based CaKreSP in vnro screen may be employed 
us.ng a labelled antibody to CaKreSp and screening for compounds able to 
disrupt the CaKre5 P :ant.CaKreS P ant.bodv dependent fluorescence. 
Compounds identified in such screens serve as >ead compounds ,n the 
development of novel antifungal therapeutics. 
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CDC24 has been biochemically demonstrated to encode a 
GDP-GTP nucleotide exchange factor (GEF) required to convert Cdc42p to a 
GTP-bound state. An in vitro assay to measure CaCdc24p-dependent 
activation of Cdc42p could be used to screen for inhibitors of C£dc24p. Th.s 
could be accompl.shed by directly measuring the percentage of GTP versus 
GDP bound by Cdc42 P . Alternatively , Cdc24 P function could be determ.ned 
indirectly by measuring Cdc42p-GTP dependent activat.on of Ste20p k.nase 
activity. 

FXAMPLE 111 

The use of CaALRI, CaKRES, and CaCDC24 in PCR-based diagnosis of 

fungal infection 

Polymerase chain reaction (PCR) based assays provide a 
number of advantages over traditional serological testing methodologies in 

5 diagnosing funga. infection. Issues of epidemiology, fungal resistance, 
liability, sensitivity, speed, and strain identfication are limited by the spectrum 
of primers and probes available. The CaKRE5, CaALRI, and CaCDC24 gene 
sequences enable the design of novel primers of potential clinical use. In 
addition as CaA.rlp is thought to localize to the plasma membrane and 

20 extend out into the periplasmic space/cell wall, this extracellular doma.n 
could act as a serological antigen to wh.ch anfbod.es could be ra.sed and 
used in serological diagnostic assays. 

FXAMPLE IV 

25 Plasmid-based reporter constructs which measure Kre5p, AIM p, or 

Cdc24p inactivation 

Transcriptional profiling of kreo. ain . and cdc24 mutants in 
S cere V ,siae could identify genes wh.ch are transcriptionally induced or 
repressed specifically under cond.tions of KRE5. ALR1. or CDC24 -nactivation 
30 or overproduction. The identif, cation of promoter eiements from genes 
responsive to the loss of KRE5. ALR1. or CDC24 activity offers practical 
utility in druq screen.ng assays to identify compounds wh,ch speaf.ca.ly 
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.nactivate these targets. For example, a chimeric reporter gene (eg. /acZ, GFP.) 
whose expression wou,d be either induced or repressed by such a promoter 
would reflect activity of Kre5 P , and could be used for high-throughput screening 
of compound libraries. Further, a group of promoters showing such regulated 
express-on would allow a specific fingerprint or transcriptional profile to be but 
for the inhibition or overproduction of the ALR7, CDC24, or KRE5 genes. Th.s 
would a«.ow a reporter set to be constructed that could be used for 
hig h-through P ut screening of compound librar.es giving a specific too, for 
screening compounds which inhibit these gene products. 

rnMCXUStON 

Th e aim of the present invention is to provide the ident.ficat.cn 
and subsequent validation of novel drug targets that can be used in specific 
enzymatic and ce.lular assays .eading to the discovery of new clinically useful 
antifungal compounds. Although KRE5, ALR1 and CDC24 have previous.y been 
identified in the baker's yeast, S. cerevisiae, prior to the present invention, rt was 
unknown whether orthologous genes wou.d be identified in the human pathogen 
C albicans or whether should they exist, these genes would perform identical 
or similar functions. The CaKRES, CaALRI and CaCDC24 genes from C. 
albicans have thus been identified and their utility has been validated as novel 
antifungal drug targets by experimentally demonstrating their essential nature by 
gene disruption directly in the pathogen. Although the precise role of these gene 
products remains to be determined, the current understanding of their cellular 
functions does enable both in vitro and in v,vo antifungal drug screening assay 
development Furthermore, and of .mportance clinically, genome database 
searches fail to detect significant homology to these genes in metazoans. 
suggesting that screening for compounds wh.cn inactivate these 
funoal-specif.c drug targets are less likely to display toxicity to mammals and 
particularly to humans. KRE5 and CDC24 are unique genes in S. cerevisiae 
and irrespective of their inclusion in gene Tam.iies in C.a,P,cans. they reta.n an 
essential function. ALR1 P 1 is part of a 3 member gene family in S. cerev.s.ae. 
and sequence similarity to ALR2p has been identified (Stanford Sequencing 
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Project) however the essential role of CaALRIp in C. albicans and their 
predicted extracellular location offers the potential to screen for novel 
antifungal compounds which need not enter the cel.. circumventing issues of 
compound delivery and drug resistance. 

Thus, the present invention provides the identification of 
CaKRE5 CaALRL and CaCDC24 as essential in Candida albicans and as 
fungal-specific validated drug antifungal targets. The present invention also 
provides the means to use these validated targets to screen for artifungal drugs 
to Mycota in general and more particularly to a pathogenic yeast such as 
Candida albicans. Thus, the present invention extends in a non-obviousway the 
use of these genes in a pathogenic fungal species, as targets for screen.ng br 
drugs specifically directed against fungal pathogens. 

Although the present invention has been described 
hereinabove by way of preferred embodiments thereof, it can be modified, 
without departing from the spirit and nature of the subject invention as defined 
in the appended claims. 
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wh ^t i«; CA AIMED IS: 

1. An isolated DNA sequence selected from the group 

consisting of: 

5 a) fungal specific gene of C. albicans termed CaKRE5; 

b) fungal specific gene of C. albicans termed CaALRI; 

c) fungal specific gene of C. albicans termed CaCDC24; 

d) a part or oligonucleotide derived from a), b) or c); 

e) a nucleotide sequence complementary to any of the 

10 nucleotide sequences of a) - d); and 

f) a sequence which hybridizes under high stringency 

conditions to any of the nucleotide sequences of a) - e). 

2. The isolated DNA sequence of claim 1, wherein said 
15 sequence of CaKRE5 is as set forth in Figure 1A. 

3. The isolated DNA sequence of claim 1 , wherein said 
sequence of CaALRI is as set forth in Figure 2A. 



20 



25 



4. The isolated DNA sequence of claim 1, wherein said 
sequence of CaCDC24 is as set forth in Figure 3A. 



5. A method of selecting a compound that modulates the 
activity of a prote.n encoded by said CaKRES of claim 2 comprising: 

a) incubating a candidate compound with said protein; and 

b) determining the activity of said protein in the presence of 
said candidate compound. 

where.n a potential drug is selected when the activity of said prote.n in the 
presence of said candidate compound is measurably different than in the 
30 absence thereof. 
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6. A method of selecting a compound that modulates the 
activity of a protein encoded by said CaALRI of claim 3 comprising: 

a) incubating a candidate compound with said protein; and 

b) determining the activity of said protein in the presence of 
said candidate compound, 

wherein a potential drug is selected when the activity of said protein in the 
presence of said candidate compound is measurably different than in the 
absence thereof. 

7. A method of selecting a compound that modulates the 
activity of a protein encoded by said CaCDC24 of claim 3 comprising: 

a) incubating a candidate compound with said protein; and 

b) determining the activity of said protein in the presence of 
said candidate compound, 

wherein a potential drug is selected when the activity of said protein in the 
presence of said candidate compound is measurably different than in the 
absence thereof. 

8. An isolated nucleic acid molecule consisting of 10 to 50 
nucleotides which specifically hybridizes to RNA or DNA of claim 1, 2. 3 or 4. 
wherein said nucleic acid molecule is or is complementary to a nucleotide 
sequence consisting of at least 10 consecutive nucleotides from said nucleic acd 
sequence set forth in Figures 1A, 2A or 3A 

S. A method of detecting CaKRE5, CaALRI or CaCDC24 

in a sample comprising: 

a) contacting said sample with a nucleic acid molecule 

according to claim 8. under conditions such that hybridization occurs; and 

b) detecting the presence of said molecule bound to said 
30 CaKRE5. CaALRI or CaCDC24 nucleic acid. 



15 



20 



25 
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10. A purified CaKRE5 polypeptide or an epitope-bearing 

portion thereof. 



5 portion thereof. 



portion thereof. 



11. A purified CaALRI polypeptide or an epitope-bearing 



12. A purified CaCDC24 polypeptide or an epitope-bearing 



10 13. The purified CaKRE5 polypeptide according to claim 10, 

comprising an amino acid sequence at least 90% identical to the amino acid 
sequence as set forth in Figure 1B. 

14. The purified CaALRI polypeptide according to claim 1 1 , 
15 comprising an amino acid sequence at least 90% identical to the amino acid 

sequence as set forth in Figure 2B. 

1 5. The purified CaCDC24 polypeptide according to claim 12, 
comprising an amino acid sequence at least 90% identical to the amino acid 

20 sequence as set forth in Figure 3B. 

16. An antibody having specific binding affinity to the 
polypeptide or epitope-bearing portion thereof according to claim 10. 



17. A method of screening for a compound having antifungal 
activity through an interaction with a protein selected from KRE5. ALR1 and 

CDC24 comprising: 

a) incubating a candidate compound with said protein: and 

b) determining one of the activity of said protein or of an 
30 assayable or observable property associated with a biological function of said 

protein in the presence of said candidate compound. 
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wherein a potential antifungal drug is selected when the activity or assayable or 
observable property of said protein in the presence of said candidate compound 
is measurably different than in the absence thereof. 

5 18. The method of claim 17, wherein said antifungal activity 

is effective against a fungi selected from Candida albicans, Aspergillus 
fumigatus, Aspergillus flavus, Aspergillus niger, Coccidiodes immitis, 
Cryptococcus neoformans, Exophiala dermatitidis, Histopisma capsulatum, 
Dermtophytesspp., Microsporumspp., Tricophyton spp., Phytophthora infestans, 

10 and Puccinia sorghi. 
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1-31, filed with the letter of 1 1 .08.2000 

^ ♦ * all the elements marked above were available or furnished to this Authority in the 

2 - z^^^^^^^^-^^^^^^- 



These elements were 



available or furnished to this Authority in the following language: , which is: 



□ the language of a translation furnished for the purposes of the international search (under Rule 23.1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination (under Rule 
55.2 and/or 55.3). 

3 With reqard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
ITrnXal pSlnary examination was carried out on the basis of the sequence hsfng: 

□ contained in the international application in written form. 

□ filed together with the international application in computer readable form. 
B furnished subsequently to this Authority in written form . 

B furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure ,n 
the international application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identica. to the written sequence 
listing has been furnished. 

4. The amendments have resulted in the cancellation of: 
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□ the description, pages: 

□ the claims, Nos.: 

□ the drawings, sheets: 

5 B This report has been estab.ished as if (some of) the amendments had not been made, since they have been 
5 - ® lonsidered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sneet containing sue, amendments must oe referred to under Item 1 and annexed to tn,s 

report.) 

see separate sheet 

6. Additional observations, if necessary: 
see separate sheet 

IV. Lack of unity of invention 

1 . m response to the invitation to restrict or pay additional fees the applicant has: 

□ restricted the claims. 

□ paid additional fees. 

□ paid additional fees under protest. 

□ neither restricted nor paid additional fees. 

2 m This Authority found that the requiremen, a, not complied and ohosa. according to Ru,e 

68.1 . not to invite the applicant to restrict or pay additional tees. 
3. This Authority considers that the requirement 0, unity o, invention in eocordanoe wHh Rules t3.,, ,3.2 and ,3.3 ia 

□ complied with. 

H not complied with for the following reasons: 
see separate sheet 

4 Consequently, the .allowing parte o. the in,erna,ional applfcauon were fte subieo, o, in,etnationa, preiimlnar, 
examination in establishing this report: 

H all parts. 

□ the parts relating to claims Nos. . 

V Reasoned statement under Artic.e 35(2) with regard to nove,ty, inventive step or industria. app.icabi.ity; 
" citations and explanations supporting such statement 

1. Statement 

Novelty (N) Yes: Claims 1-9 and 11-25 

No: Claims 10 
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Inventive step (IS) 
Industrial applicability (IA) 



2. Citations and explanations 
see separate sheet 



VIII Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 
see separate sheet 
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Re Item I 

Basis of the report 

1 Sequence listing pages 1-31 filed with the letter of 1 1 .08.2000 do not form part 
of the application (Rule 13-. 1(f) PCT). 

1 1 Consequently, the addition of SEQ ID NOs in claims 1-6, 10, 15-17 and 21-2S .of 
the amended set of claims filed with the telefax of 20.06.2001 extends beyond the 
content of the application as originally filed and is contrary to the requ.rements of 

T^Z'Zl trivia, names in order to refer to genes and DMA sequences 
which are not state of the art at the time of the invention contravenes with he 
provisions of Articles 5 and 6 PCT, the claimed nucleotide sequence should be 
restricted to those originally claimed and disclosed in the figures 1-3 as ong,nally 
filed (e.g. claims 2-4 as originally filed). Said claims have been interpreted 
accordingly for the establishment of the present International Preliminary 
Examination Report. 



Re Item IV 

Lack of unity of invention 

The separate groups of invention are: 

^^aims 1-3 (partially), 4, 7, 10 (partially), 11 (partially), 12, 15, 18-20 
foartiallv), 21 , 24 (partially) and 25 (partially). 

( These claims refer to the C. albicans gene CaKRES (SEQ ID NO: 1 and 2) 
and to the protein coded thereby. Said protein plays an important role in the 
biosynthesis of (1->6)-|3-glucan. 
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bairns 1-3 (partly), 5, 8, 10 (partially), 11 (par.ia.ly), 13, 16, 18-20 

SKS — <- ,o no: s rl 

and to the protein coded thereby. Said protein plays an important role ,n the 
transport of divalent cations. 



Group 



Cairns 1-3 (partially), 6, 9, 10 (partially), 11 (partially), 12, 17, 18-20 
/ M *,»ih/\ 23 24 (partially) and 25 (partially). 

<P Z se cfcfms refer.o the C. aWcans gene CaCDC24 (SEQ ID NO: 5 and 6) 
Ind ,o fhe protein coded .hereby. Said pro.ein plays an important role ,n .he 
biosynthesis of DNA and in G-protein-media.ed signal transduotion. 

The oonoep. linking these groups of invention is that said genes have beer . shown 
Zs essentia, .or .he pathogenic fungi C. atoicans and are .bus surtabh, .or 
use in methods of screening for compounds having anttfungal acttvrty. 

However, document D1 (Proo. Natl. Acad. Sol. USA, 1998, 95:982 5-9830) 
discloses that the gene CaKRE9 is essential for the pathogentc fung, C albtcans 
a" «s gene product is useful for the screening for fungal-speoifio drugs (e.g. 

abstract). 

Therefore, the above-mentioned groups of invention are not so linked as to form a 
single general inventive concept (Rule 13.1 PCT). 
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i^Td statement under Article 35(2) with regard to novelty, inventive step or 
"dusTa. applicability; citations and explanations supporting such statement 

, Document D1 (Proc. Natl. Acad. Sci. USA, 1998, 95:9825-9830), which is 
' considered to represent the most relevant state o, the art, discloses £abs rac. 
and Figure 1) an isolated DNA sequence coding for a gene (CaKRE9) and ,1s 
product (protein). While KRE9 was known to be essential for S <™-~" 
shows that its homologue is also essentia, for .he pathogeny fungi C ancans 
and thus suitable for use in methods of screening for compounds having antl- 
CaTaW The subjecl-matter o, independent claims f -3 differs from the 
teachings of D1 in that three other C. albicans essential genes are defined. 

, 1 The problem to be solved by independent claims 1-3 may therefore be regarded 
as providing alternative genes to those disclosed in D1. 

, 2 Document D2 (US-A-5 1 94 600) discloses that the S. cereviaiae counterpart of the 
CaSene s essentia, for said fungi (e.g. column 27, lines 46-49) Moreover 
D2 d"dols the, it is likely the, the CaKRE5 gene has a similar function o ma, o, 
the KRE5 gene (column 28, lines 8-1 0) and thai these genes that are absent n 
mammalian cells are excellent potential targets for specific antifungal mhibttor 

considered The previously expressed opinion is nevertheless maintained. Given 
r«lTan account for 50-70% of the C. a/b/cans cell wall, i.e. if is higher than ,n 
he TZvisiae cell wall, the person skilled in the art would be prompted, ,n view 
o, the teachings of D1 , e.g. page 9825, column 1 , lines 26-32, and o, the genera, 
teachings of D2, to attempt ,o identify and isolate the homologous gene ,n C. 
a/Mcans, thus obtaining ,he CaKRES gene, for use of its product ,n screemng 
methods for potential targets for specific antifungal inhibitor. 
Hence, in view o, the combined teachings o, D1 and D2, 
independent claims 1-3 lacks inventive step in the sense of Article 33(3) PCT. 

Moreover, document D3 (Yeast, 1999, 15:435-441) refers to the ALR1 gene and 
Ptoses thai said gene is essentia, for S. cerev/s/ae (page 440, column 1, lines 
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1-12) While the applicant's observations submitted with the amended claims have 
been considered, the previously expressed opinion is nevertheless maintained. 
D3 discloses that the lack of this gene is lethal despite the fact that the cell 
possesses a highly similar counterpart, ALR2, and thus stresses its essentiality. 
The skilled person in the art would thus recognise the potential of this gene and its 
product and would attempt to identify and isolate the homologous gene in C. 
albicans, thus obtaining the CaALM gene, for use of its product in screening 
methods for potential targets for specific antifungal inhibitor. 
Hence, the subject-matter of independent claims 1-3 further lack inventive step in 
the sense of Article 33(3) PCT, in view of the combined teachings of D1 and D3. 

Document D4 (WO-A-99 18213) recognises the CDC24 gene as an ideal target 
for anti-fungal drugs directed at pathogenic yeasts such as C. albicans (e.g. page 
40 lines 20-28). Following an argumentation similar than for D2 and D3, the 
person skilled in the art would recognise the potential of this gene and its product 
and would attempt to identify and isolate the homologous gene in C. albicans 
thus obtaining the CaCDC24 gene, for use of its product in screening methods for 
potential targets for specific antifungal inhibitor. 

1 3 Hence, the three independent solutions to the technical problem defined under 
point 1.1 above provided by independent claim 1 -3 and dependent claims 4-6 lack 
inventive step in the sense of Article 33(3) PCT. 



2. 



3. 



In the light of the above arguments, independent claims 7-9 which def.ne 
screening methods using the products of the CaKRES, CaALRI and of the 
CaCDC24 gene also lack inventive step and thus do not meet the requirements of 
Article 33(3) PCT. 

Given that the CaKRE5, CaALRI and of the CaCDC24 have more than 70% 
identity with their S. cerevisiae counterparts (e.g. page 1 1 , line 10, of the 
description), the sequences disclosed in D2, D3 and D4 possess more than 10 
consecutive nucleotides from the nucleic acid set forth in Figures 1 A, 2A and 3A 
respectively. 
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The subject-matter defined in independent claim 10 is thus not novel in the sense 
of Article 33(2) PCT. 



Given that isolated DNA sequences coding for the genes CaKRE5, CaALM and 
CaCDC24 are not inventive (see points 1 .-1-3 above), methods for detecting 
these genes in a sample, as defined in claim 1 1 , and the obtention of purified 
polypeptides coded by said genes do not require an inventive activity from the 
person skilled in the art. A similar objection also applies to the antibody defined .n 
claim 18. 

Claims 11-18 and 21-23 do therefore not fulfil the requirements of Article 33(3) 
PCT. 



Independent claim 19 defines methods for screening for compounds hav.ng t 
fungal activity, which methods only differ from those defined in cla.ms 7-9 in t 
the identified compound could have an anti-fungal activity. In v.ew of the 
arguments put forward with regard of the methods of claims 7-9 (see point 2. 
above), independent claim 19 and dependent claim 29 lack invent.ve step in 
sense of Article 33(3) PCT. 



Re Item VIII 

Certain observations on the international application 

1 Although claims 1 9 and 7-9 have been drafted as separate independent claims, 
they appear to relate effectively to the same subject-matter (see also Item V, point 
5 ) and to differ from each other only with regard to the definition of the subject- 
matter for which protection is sought and in respect of the terminology used for 
the features of that subject-matter. The aforementioned claims therefore lack 
conciseness. Moreover, lack of clarity of the claims as a whole arises, since the 
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plurality of independent claims makes it difficult, if not impossible, to determine the 
matter for which protection is sought, and places an undue burden on others 
seeking to establish the extent of the protection. 

Hence, claims 19 and 7-9 do not meet the requirements of Article 6 PCT. 



2. 



2.1 



Claims 19 and 20 do not meet the requirements of Article 6 PCT in that the matter 
for which protection is sought is not clearly defined. The claims attempt to def.ne 
the subject-matter in terms of the result to be achieved, i.e. anti-fungal acfyrty of 
the compound, which merely amounts to a statement of the underlying problem. 
The technical features necessary for achieving this result should be added. 

Moreover, claims 19 and 20 broadly refer to anti-fungal activity. However, the de- 
scription and drawings convey the impression that the claimed invention rel.es on 
the fact that the claimed genes have been shown to be essential for C. alb,cans. 
An extension of the claimed subject-matter to any fungi, including any yeast, is 
thus not supported by the description as required by Article 6 PCT. 
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TITLE OF THE INVENTION 

IDENTIFICATION OF CANDIDA ALBICANS ESSENTIAL 
FUNGAL SPECIFIC GENES AND USE THEREOF IN ANTIFUNGAL DRUG 
DISCOVERY 

5 

FIELD OF THE INVENTION 

The present invention relates to the identification of novel 
essential fungal specific genes isolated in the yeast pathogen, Candida albicans 
and to their structural and functional reiatedness to their Saccharomyces 
10 cerevisiae counterparts. More specifically the invention relates to the use of 
these novel essential fungal specific genes in fungal diagnosis and antifungal 
drug discovery. 

BACKGROUND OF THE INVENTION 

15 Opportunistic fungi, including Candida albicans, Aspergillus 

fumigatus, Cryptococcus neoformans, and Pneumocystis carinii, are a rapidly 
emerging class of microbial pathogens, which cause systemic fungal infection 
or "mycosis" in patients whose immune system is weakened. Candida spp. rank 
as the predominant genus of fungal pathogens, accounting for approx. 8% of 

20 all bloodstream infections in hospitals today. Alarmingly, the incidence of 
life-threatening C. albicans infections or "candidiasis" have risen sharply over 
the last two decades, and ironically, the single greatest contributing factor to 
the prevalence of mycosis in hospitals today is modem medicine itself. 
Standard medical practices such as organ transplantation, 

25 chemotherapy and radiation therapy, suppress the immune system and make 
patients highly susceptible to fungal infection. Modern diseases, most 
notoriously, AIDS, also contribute to this growing occurrence of fungal infection. 
In fact, Pneumocystis carinii infection is the number one cause of mortality for 
AIDS victims. Treatment of fungal infection is hampered by the lack of safe 

30 and effective antifungal drugs. Antimycotic compounds used today; namely 
polyenes (amphotericin B) and azole-based derivatives (fluconazole), are of 
limited efficacy due to the nonspecific toxicity of the former and emerging 
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resistance to the latter. Resistance to fluconazole has increased 
dramatically throughout the decade particularly in Candida and Aspergillus spp. 

Clearly, new antimycotic compounds must be developed to 
combat fungal infection and resistance. Part of the solution depends on the 
elucidation of novel antifungal drug targets (i.e. gene products whose 
functional inactivatton results in cell death). The identification of gene products 
essential to cell viability in a broad spectrum of fungi, and absent in humans, 
could serve as novel antifungal drug targets to which rational drug screening can 
be then employed. From this starting point, drug screens can be developed to 
identify specific antifungal compounds that inactivate essential and 
fungal-specific genes, which mimic the validated effect of the gene disruption. 

Of paramount importance to the antifungal drug discovery 
process is the genome sequencing projects recently completed for the bakers 
yeast Saccharomyces cerevisiae and under way in C. albicans. Although S. 
cerevisiae is not itself pathogenic, it is closely related taxonomically to 
opportunistic pathogens including C. albicans. Consequently, many of the 
genes identified and studied in S. cerevisiae facilitate identification and functional 
analysis of orthologous genes present in the wealth of sequence information 
provided by the Stanford C. albicans genome project 
(http://candida.stanford.edu). Such genomic sequencing efforts accelerate the 
isolation of C. albicans genes which potentially participate in essential cellular 
processes and which therefore could serve as novel antifungal drug targets. 

However, gene discovery through genome sequence analysis 
alone does not validate either known or novel genes as drug targets. Ultimately, 
target validation needs to be achieved through experimental demonstration of the 
essentiality of the candidate drug target gene directly within the pathogen, since 
only a limited concordance exists between gene essentiality for a particular 
ortholog in different organisms. For example, in a literature search of 13 C. 
albicans essential genes validated by gene disruption. 7 genes (i.e. CaFKSI, 
CaHSP90, CaKRE6, CaPRSI, CaRAD6, CaSNFI, and CaEFT2) are not 
essential in S. cerevisiae. Therefore, although the null phenotype of a gene in 
one organism may. in some instances, hint at the function of the orthologous 
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gene in pathogenic yeasts, such predictions can prove invalid after 
experimentation. 

There thus remains a need to identify new essential genes in 
C. albicans and validate same as drug targets. 
5 The present invention seeks to meet these and other needs. 

The present description refers to a number of documents, the 
content of which is herein incorporated by reference in their entirety. 

Rl IMMARY OF THE INVENTION 

10 in general, the present invention relates to essential fungal 

specific genes that seek to overcome the drawbacks of the prior art associated 
with targets for antifungal therapy and with the drugs aimed at these targets. In 
addition, the present invention relates to screening assays and agents identified 
by same which may display significant specificity to fungi, more particularly to 
1 5 pathogenic fungi, and even more particularly to Candida albicans. 

The invention concerns essential fungal specific genes in 
Candida albicans and their use in antifungal drug discovery. 

More specifically, the present invention relates to the 
identification of genes known to be essential for viability in S. cerevisiae and to 
20 a direct assessment of whether an identical phenotype is observed in C. 
albicans. Such genes which are herein found to be essential in C. albicans 
serve as validated antifungal drug targets and provide novel reagents in 
antifungal drug screening programs. 

More specifically, the present invention relates to the nucleic 
25 acid and amino acid sequences of CaKRES, CaALRI and CaCDC24 of Candida 
albicans. Furthermore, the present invention relates to the identification of 
CaKRE5, CaALRI and CaCDC24 as essential genes, thereby validating same 
as targets for antifungal drug discovery and fungal diagnosis. 

Until the present invention, it was unknown whether KRE5, 
30 ALR1 and CDC24 were essential in a wide variety of fungi. While these genes 
had been shown to be essential in one of budding yeast (e.g. S. cerevisiae) and 
fission yeast (e.g. S. pombe), the essentiality of these genes had not been 
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assessed in a dimorphic or a pathogenic fungi (e.g. C. albicans). Thus, the 
present invention teaches that KRE5, ALR1 and CDC24 are essential genes in 
very different fungi, thereby opening the way to use these genes and gene 
products as targets for antifungal drug development diagnosis, in a wide variety 
5 of fungi, including animal-infesting fungi and plant-infesting fungi. Non-limiting 
examples of such pathogenic fungi include Candida albicans, Aspergillus 
fumigatus, Aspergillus flavus, Aspergillus niger, Coccidiodes immitis, 
Cryptococcus neoformans, Exophiala dermatitidis, Histopisma capsulatum, 
Dermtophytes spp., Microsporum spp, Tricophyton spp., Phytophthora infestans, 

10 and Puccinia sorghi. More particularly, the invention relates to the identification 
of these genes and gene products as validated drug targets in any organism in 
the kingdom of Fungi (Mycota). Thus, although the instant description mainly 
focuses on Candida albicans, the present invention may also find utility in a wide 
range of fungi and more particularly in pathogenic fungi. 

! 5 prior to the present invention, the essentiality of these genes 

had not been verified in an imperfect, dimorphic yeast which survives as an 
obligate associate of human beings as well as other mammals, such as Candida 
albicans. Moreover, prior to the present invention, there was no reasonable 
prediction that a null mutation in any one of these three genes in Candida 

20 albicans would be essential, in view of the significant evolutionary divergence 
between C. albicans and S. pomoe or S. cerevisiae and thus, of the significant 
difference between the biology of these fungi. For example, in view of the 
complexity of the pathways in which KRE5, ALR1 and CDC24 are implicated, it 
could not be reasonably predicted that a knockout of CaKRE5, CaALRI or 

25 CaCDC24 would not be compensated by other factors, upstream or downstream 
thereof. C. albicans can become an opportunistic pathogen in 
immunosuppressed individuals. Its morphology switches from a yeast (budding) 
form to a pseudohyphal and eventually hyphal (filamentous) morphology 
depending on particular stimuli. It is generally believed that the hyphal form of C. 

30 albicans is pathogenic/virulent. Switching from the yeast to hyphal form involves 
a developmental process referred to as the dimorphic transition. 
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In a further general aspect, the invention relates to screening 
assays to identify compounds or agents or drugs to target the essential function 
of CaKRES, CaALRI or CaCDC24. Thus, in a related aspect, the present 
invention relates to the use of constructs harboring sequences encoding 
CaKRE5, CaALRI or CaCDC24. fragments thereof or derivatives thereof, or the 
cells expressing same, to screen for a compound, agent or drug that targets 
these genes or gene products. 

Further, the invention relates to methods and assays to 
identify agents which target KRE5, ALR1 or CDC24 and more particularly 
CaKRE5, CaALRI or CaCDC24. In addition, the invention relates to assays and 
methods to identify agents which target pathways in which these proteins are 
implicated. 

In accordance with the present invention, there is thus 
provided in one embodiment, an isolated DNA sequence selected from the group 
consisting of the fungal specific gene CaKRE5, the fungal specific gene CaALRI , 
the fungal specific gene CaCDC24, parts thereof, oligonucleotide derived 
therefrom, nucleotide sequence complementary to all of the above or sequences 
which hybridizes under high stringency conditions to the above. 

In accordance with another embodiment of the present 
invention, there is provided a method of selecting a compound that modulates 
the activity of the product encoded by one of CaKRE5, or CaALRI or CaCDC24 
comprising an incubation of a candidate compound with the gene product, and 
a determination of the activity of this gene product in the presence of the 
candidate compound, wherein a potential drug is selected when the activity of 
the gene product in the presence of the candidate compound is measurably 
different and in the absence thereof. 

In accordance with another embodiment of the present 
invention, there is provided an isolated nucleic acid molecule consisting of 10 to 
50 nucleotides which specifically hybridizes to RNA or DNA encoding CaKRE5, 
CaALRI, CaCDC24, or parts thereof or derivatives thereof, wherein nucleic acid 
molecule is or is complementary to a nucleotide sequence consisting of at least 
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10 consecutive nucleic acids from the nucleic acid sequence of CaKRE5, 
CaALRI, or CaCDC24, or derivatives thereof. 

In accordance with another embodiment of the present 
invention, there is provided a method of detecting CaKRE5, CaALRI or 
CaCDC24 in a sample comprising a contacting of the sample with a nucleic acid 
molecule under conditions that able hybridization to occur between this molecule 
and a nucleic acid encoding CaKRE5, CaALRI or CaCDC24 or parts or 
derivatives thereof; and detecting the presence of this hybridization. 

In accordance with yet another embodiment of the present 
invention, there is provided a purified CaKRE5 polypeptide, CaALRI polypeptide, 
or CaCDC24 polypeptide or epitope bearing portion thereof. 

In yet an additional embodiment of the present invention, 
there is provided an antibody having specific binding affinity to CaKRE5, 
CaALRI. CaCDC24 or an epitope-bearing portion thereof. 

More specifically, the present invention relates to the 
identification and disruption of the Candida albicans fungal specific genes, 
CaKRE5, CaALRI, and CaCDC24 which reveal structural and functional 
relatedness to their S. cerevisiae counterparts, and to a validation of their utility 
in fungal diagnosis and antifungal drug discovery. 

As alluded to earlier, while essentiality of KRE5, ALR1 or 
CDC24 has been shown in budding or fission yeast, these results cannot be 
translated to the C. albicans system for numerous reasons. For example, while 
US Patent 5,194,600 teaches the essentiality of the S. cerevisiae KRE5 gene, 
a number of observations from fungal biology make it far from obvious as to 
the presence and/or role of this gene in a pathogenic yeast, of course, the 
teachings of 5,194,600 are even more remote from teaching or suggesting that 
a KRE5 homolog in C. albicans would be essential or if it would have utility 
as an antifungal target. Examples of such observations are listed below. 

a) A related gene, GPT1, in the yeast S. pombe is not 
essential. Moreover, GPT1 thought to be involved in protein folding, fails to 
complement the S. cerevisiae Kre5 mutant, and fails to reduce p-(1 ,6)-glucan 
polymer levels in this yeast. 



AMENDED SHEET 



i 

b) The p-(1,6)-glucan polymer could be made in a different 

way in different yeasts. 

c) Genes are lost during evolution and it could thus not be 
determined a priori whether C. albicans retained a KRE5 related gene. 

5 Moreover, the CaKRE5 fails to complement a S. cerevisiae kre5 mutant, thus 
no gene could be recovered by such an approach. Similarly, the DNA sequence 
of the C. albicans CaKRE5 gene is sufficiently different from that of S. 
cerevisiae, that it cannot be detected by low stringency Southern hybridization 
with the S. cerevisiae KRE5 gene as a probe. 
10 For the purpose of the present invention, the following 

abbreviations and terms are defined below. 

DEFINITIONS 

The terminology "gene knockout" or "knockout" refers to a 

15 disruption of a nucleic acid sequence which significantly reduces and preferably 
suppresses or destroys the biological activity of the polypeptide encoded 
thereby. A number of knockouts are exemplified herein by the introduction of a 
recombinant nucleic acid molecule comprising one of CaKRE5, CaALRI or 
CaCDC24 sequences that disrupt at least a portion of the genomic DNA 

20 sequence encoding same in C. albicans. In the latter case, in which a 
homozygous disruption (in a diploid organism or state thereof) is present, the 
mutation is also termed a "null" mutation. 

The terminology "sequestering agent" refers to an agent 
which sequesters one of the validated targets of the present invention in such a 

25 manner that it reduces or abrogates the biological activity of the validated target. 
A non-limiting example of such a sequestering agent includes antibodies specific 
to one of the validated targets according to the present invention. 

The term "fragment", as applied herein to a peptide, refers to 
at least 7 contiguous amino acids, preferably about 14 to 16 contiguous amino 

30 acids, and more preferably, more than 40 contiguous amino acids in length. 
Such peptides can be produced by well-known methods to those skilled in the 
art, such as, for example, by proteolytic cleavage, genetic engineering or 
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chemical synthesis. "Fragments" of the nucleic acid molecules according to the 
present invention refer to such molecules having at least 12 nt, more particularly 
at least 18 nt, and even more particularly at least 24 nt which have utility as 
diagnostic probes and/or primers. It will become apparent to the person of 
ordinary skill that larger fragments of 100 nt, 1000 nt, 2000 nt and more also find 
utility in accordance with the present invention. 

The terminology "modulation of two factors" is meant to refer 
to a change in the affinity, strength, rate and the like between such two factors. 
Having identified CaKRE5, CaALRI and CaCDC24 as essential genes and gene 
products in C. albicans opens the way to a modulation of the interaction of these 
gene products with factors involved in their respective pathways in this fungi as 
well as others. 

Nucleotide sequences are presented herein by single strand, 
in the 5' to 3' direction, from left to right, using the one letter nucleotide symbols 
as commonly used in the art and in accordance with the recommendations of the 
IUPAC-IUB Biochemical Nomenclature Commission. 

Unless defined otherwise, the scientific and technological 
terms and nomenclature used herein have the same meaning as commonly 
understood by a person of ordinary skill to which this invention pertains. 
Generally, the procedures for cell cultures, infection, molecular biology methods 
and the like are common methods used in the art. Such standard techniques 
can be found in reference manuals such as for example Sambrook et al. (1989, 
Molecular Cloning - A Laboratory Manual, Cold Spring Harbor Laboratories) and 
Ausubel et al. (1994, Current Protocols in Molecular Biology, Wiley, New York). 

The present description refers to a number of routinely used 
recombinant DNA (rDNA) technology terms. Nevertheless, definitions of selected 
examples of such rDNA terms are provided for clarity and consistency. 

As used herein, "nucleic acid molecule", refers to a polymer 
of nucleotides. Non-limiting examples thereof include DNA (e.g. genomic DNA 
cDNA) and RNA molecules (e.g. mRNA). The nucleic acid molecule can be 
obtained by cloning techniques or synthesized. DNA can be double-stranded or 
single-stranded (coding strand or non-coding strand [antisense]). 
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The term "recombinant DNA" as known in the art refers to a 
DNA molecule resulting from the joining of DNA segments. This is often referred 

to as genetic engineering. 

The term "DNA segment", is used herein, to refer to a DNA 
molecule comprising a linear stretch or sequence of nucleotides. This sequence 
when read in accordance with the genetic code, can encode a linear stretch or 
sequence of amino acids which can be referred to as a polypeptide, protein, 

protein fragment and the like. 

The terminology "amplification pair" refers herein to a pair of 
oligonucleotides (oligos) of the present invention, which are selected to be used 
together in amplifying a selected nucleic acid sequence by one of a number of 
types of amplification processes, preferably a polymerase chain reaction. Other 
types of amplification processes include ligase chain reaction, strand 
displacement amplification, or nucleic acid sequence-based amplification, as 
explained in greater detail below. As commonly known in the art, the oligos are 
designed to bind to a complementary sequence under selected conditions. 

The nucleic acid (e.g. DNA or RNA) for practicing the present 
invention may be obtained according to well known methods. 

Nucleic acid fragments in accordance with the present 
invention include epitope-encoding portions of the polypeptides of the invention. 
Such portions can be identified by the person of ordinary skill using the nucleic 
acid sequences of the present invention in accordance with well known methods. 
Such epitopes are useful in raising antibodies that are specific to the 
polypeptides of the present invention. The invention also provides nucleic add 
molecules which comprise polynucleotide sequences capable of hybr.dK.ng 
under stringent conditions to the polynucleotide sequences of the present 

invention or to portions thereof. 

The term hybridizing to a "portion of a polynucleotide 
sequence" refers to a polynucleotide which hybridizes to at least 12 nt, more 
preferably at least 18 nt. even more preferably at least 24 nt and especially to 
about 50 nt of a polynucleotide sequence of the present invention. 
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The present invention further provides isolated nucleic acid 
molecules comprising a polynucleotide sequences which is preferably at least 
90% identical, more preferably from 96% to 99% identical, and even more 
preferably, 95%, 96%, 97%. 98%, 99% or 100% identical to the polynucleic acid 
sequence encoding the validated targets or fragments and/or derivatives thereof 
according to the present invention. Methods to compare sequences and 
determine their homology/identity are well known in the art. 

Oligonucleotide probes or primers of the present invention 
may be of any suitable length, depending on the particular assay format and the 
particular needs and targeted genomes employed. In general, the oligonucleotide 
probes or primers are at least 12 nucleotides in length, preferably between 15 
and 24 nucleotides, and they may be adapted to be especially suited to a chosen 
nucleic acid amplification system. As commonly known in the art, the 
oligonucleotide probes and primers can be designed by taking into consideration 
the melting point of hybridization thereof with its targeted sequence (see below 
and in Sambrook et al., 1989, Molecular Cloning - A Laboratory Manual, 2nd 
Edition, CSH Laboratories; Ausubel et al.. 1989. in Current Protocols in 
Molecular Biology. John Wiley & Sons Inc., N.Y.). 

The term "oligonucleotide" or "DNA" molecule or sequence 
refers to a molecule comprised of the deoxyribonucleotides adenine (A), guanine 
(G), thymine (T) and/or cytosine (C), in a double-stranded form, and comprises 
or includes a "regulatory element" according to the present invention, as the term 
is defined herein. The term "oligonucleotide" or "DNA" can be found in linear 
DNA molecules or fragments, viruses, plasmids. vectors, chromosomes or 
synthetically derived DNA. As used herein, particular double-stranded DNA 
sequences may be described according to the normal convention of giving only 
the sequence in the 5" to 3* direction. "Oligonucleotides" or "oligos" define a 
molecule having two or more nucleotides (ribo or deoxyribonucleotides). The 
size of the oligo will be dictated by the particular situation and ultimately on the 
particular use thereof and adapted accordingly by the person of ordinary skill. An 
oligonucleotide can be synthesized chemically or derived by cloning 
according to well known methods. 
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As used herein, a "primer" defines an oligonucleotide which 
is capable of annealing to a target sequence, thereby creating a double stranded 
region which can serve as an initiation point for DNA synthesis under suitable 
conditions. 

The terms "homolog" and "homologous" as they relate to 
nucleic acid sequences (e.g. gene sequences) relate to nucleic acid sequence 
from different fungi that have significantly related nucleotide sequences, and 
consequently significantly related encoded gene products, and preferably have 
a related biological function. Homologous gene sequences or coding sequences 
have at least 70% sequence identity (as defined by the maximal base match in 
a computer-generated alignment of two or more nucleic acid sequences) over 
at least one sequence window of 48 nucleotides, more preferably at least 80 or 
85%, still more preferably at least 90%, and most preferably at least 95%. The 
polypeptide products of homologous genes have at least 35% amino acid 
sequence identity over at least one sequence window of 18 amino acid residues, 
more preferably at least 40%, still more preferably at least 50% or 60%, and 
most preferably at least 70%, 80%, or 90%. Preferably, the homologous gene 
product is also a functional homolog, meaning that the homolog will functionally 
complement one or more biological activities of the product being compared. For 
nucleotide or amino acid sequence comparisons where a homology is defined 
by a % sequence identity, the percentage is determined using any one of the 
known programs as very well known in the art. A non-limiting example of such 
a program is the BLAST program (with default parameters (Altschul et al., 1997, 
"Gapped BLAST and PSI-BLAST: a new generation of protein database search 
programs, Nucleic Acid Res. 25:3389-3402). Any of a variety of algorithms 
known in the art which provide comparable results can also be used, preferably 
using default parameters. Performance characteristics for three different 
algorithms in homology searching is described in Salamov et al., 1999, 
"Combining sensitive database searches with multiple intermediates to detect 
distant homologues." Protein Eng. 12:95-100. Another exemplary program 
package is the GCG™ package from the University of Wisconsin. 
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Homologs may also or in addition be characterized by the 
ability of two complementary nucleic acid strands to hybridize to each other 
under appropriately stringent conditions. Hybridizations are typically and 
preferably conducted with probe-length nucleic acid molecules, preferably 20- 

5 100 nucleotides in length. Those skilled in the art understand how to estimate 
and adjust the stringency of hybridization conditions such that sequences having 
at least a desired level of complementarity will stably hybridize, while those 
having lower complementarity will not. For examples of hybridization conditions 
and parameters, see, e.g., Sambrook et al. (1989) supra: and Ausubel et al. 

10 (1994) supra. 

"Nucleic acid hybridization" refers generally to the 
hybridization of two single-stranded nucleic acid molecules having 
complementary base sequences, which under appropriate conditions will form 
a thermodynamically favored double-stranded structure. Examples of 
15 hybridization conditions can be found in the two laboratory manuals referred 
above (Sambrook et al., 1989, supra and Ausubel et al., 1989. supra) and are 
commonly known in the art. In the case of a hybridization to a nitrocellulose filter, 
as for example in the well known Southern blotting procedure, a nitrocellulose 
filter can be incubated overnight at 65°C with a labeled probe in a solution 
20 containing 50% formamide, high salt (5 x SSC or 5 x SSPE), 5 x Denhardt's 
solution. 1% SDS, and 100 pg/ml denatured carrier DNA (e.g. salmon sperm 
DNA). The non-specifically binding probe can then be washed off the filter by 
several washes in 0.2 x SSC/0.1% SDS at a temperature which is selected jn 
view of the desired stringency: room temperature (low stringency), 42°C 
25 (moderate stringency) or 65°C (high stringency). The selected temperature is 
based on the melting temperature (Tm) of the DNA hybrid. Of course. RNA-DNA 
hybrids can also be formed and detected. In such cases, the conditions of 
hybridization and washing can be adapted according to well known methods by 
the person of ordinary skill. Stringent conditions will be preferably used 

30 (Sambrook et al.,1 989. supra). 

Probes of the invention can be utilized with naturally occurring 
sugar-phosphate backbones as well as modified backbones including 
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phosphorothioates, dithionates, alkyl phosphonates and a-nucleotides and the 
like Modified sugar-phosphate backbones are generally taught by Miller, 1988, 
Ann. Reports Med. Chem. 23:295 and Moran et al., 1987, Nucleic acid molecule. 
Acids Res., 14:5019. Probes of the invention can be constructed of either 
ribonucleic acid (RNA) or deoxyribonucleic acid (DNA), and preferably of DMA. 

The types of detection methods in which probes can be used 
include Southern blots (DNA detection), dot or slot blots (DNA, RNA), and 
Northern blots (RNA detection). Although less preferred, labelled proteins could 
also be used to detect a particular nucleic acid sequence to which it binds. Other 
detection methods include kits containing probes on a dipstick setup and the like. 

Although the present invention is not specifically dependent 
on the use of a label for the detection of a particular nucleic acid sequence, such 
a label is often beneficial, by increasing the sensitivity of the detection. 
Furthermore, this increase in sensitivity enables automation. Probes can be 
labelled according to numerous well known methods (Sambrook et al., 1989. 
supra). Non-limiting examples of labels include 3H. 14C. 32P, and 35S. Non-.imrt.ng 
examples of detectable markers include ligands, fluorophores. chemUuminescent 
agents enzymes, and antibodies. Other detectable markers for use with probes, 
which can enable an increase in sensitivity of the method of the invention, 
include biotin and radionucleotides. It will become evident to the person of 
ordinary skill that the choice of a particular label dictates the manner ,n which .t 

is bound to the probe. 

As commonly known, radioactive nucleotides can be 
incorporated into probes of the invention by several methods. Non-limiting 

25 examples thereof include kinasing the 5' ends of the probes using gamma 32 P 
ATP and polynucleotide kinase, using the Klenow fragment of Pol I of E. col. in 
the presence of radioactive dNTP (e.g. uniformly labelled DNA probe using 
random oligonucleotide primers in low-melt gels), using the SP6/T7 system to 
transcribe a DNA segment in the presence of one or more radioactive NTP, and 

30 the like. 

Amplification of a selected, or target, nucleic acid sequence 
may be carried out by a number of suitable methods. See generally Kwoh et al., 
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1990 Am Biotechnol. Lab. 8:14-25. Numerous amplification techniques have 
been described and can be readily adapted to suit particular needs of a person 
of ordinary skill. Non-limiting examples of amplification techniques include 
polymerase chain reaction (PCR). ligase chain reaction (LCR), strand 
displacement amplification (SDA), transcription-based amplification, the Qp 
replicase system and NASBA (Kwoh et al., 1989. Proc. Natl. Acad. Sci. USA 86, 
1173-1177- Lizardi et al.. 1988, BioTechnology 6:1197-1202; Malek et al., 1994, 
Methods Mol. Bio... 28:253-260; and Sambrook et a... 1989, supra). Preferably, 

amplification will be carried out using PCR. 

Polymerase chain reaction (PCR) is carried out in accordance 
with known techniques. See, e.g.. U.S. Pat. Nos. 4,683,195; 4,683 202; 
4 800 159; and 4,965.188 (the disclosures of al. three U.S. Patent are 
incorporated herein by reference). In genera.. PCR invo.ves, a treatment of a 
nucleic add samp.e (e.g., in the presence of a heat stab.e DNA polymerase 
under hybridizing conditions, with one oligonucleotide primer for each strand of 
the specific sequence to be detected. An extension product of each pnmer wh,ch 
is synthesized is complementary to each of the two nucleic acid strands, wrth the 
primers sufficiently complementary to each strand of the specific sequence to 
hybridize therewith. The extension product synthesized from each pnmer can 
also serve as a template for further synthesis of extension products us.ng the 
same primers. Following a sufficient number of rounds of synthesis of extension 
products, the sample is analysed to assess whether the sequence or sequences 
to be detected are present. Detection of the amplified sequence may be earned 
out by visualization following EtBr staining of the DNA following gel 
electrophores, or using a detectable label in accordance with known techmques, 
and the like. For a review on PCR techniques (see PCR Protocols. A Gu.de to 
Methods and Amplifications, Michael et al. Eds. Acad. Press, 1990). 

Ligase chain reaction (LCR) is carried out in accordance wrth 
known techniques (Weiss. 1991. Science 254:1292). Adaptation of the protocol 
to meet the desired needs can be carried out by a person of ordinary ski... Strand 
displacement amplification (SDA) is also carried out in accordance with known 
techniques or adaptations thereof to meet the particular needs (Walker et a.., 
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1992. Proc. Natl. Acad. Sci. USA 89:392-396; and ibid., 1992, Nucleic Acids Res. 
20:1691-1696). 

As used herein, the term "gene" is well known in the art and 
relates to a nucleic acid sequence defining a single protein or polypeptide. A 
-structural gene" defines a DNA sequence which is transcribed into RNA and 
translated into a protein having a specific amino acid sequence thereby giving 
rise to a specific polypeptide or protein. It will be readily recognized by the 
person of ordinary skill, that the nucleic acid sequence of the present .nvenfcon 
can be incorporated into anyone of numerous established kit formats wh.ch are 

well known in the art. 

A "heterologous" (e.g. a heterologous gene) region of a DNA 

molecule is a subsegment segment of DNA within a larger segment that is not 
found in association therewith in nature. The term "heterologous" can be 
similarly used to define two polypeptide segments not joined together in nature. 
Non-limiting examples of heterologous genes include reporter genes such as 
luciferase, chloramphenicol acetyl transferase, p-galactosidase, and the l.ke 
which can be juxtaposed or joined to heterologous control regions or to 
heterologous polypeptides. 

The term "vector" is commonly known in the art and defines 
a plasmid DNA, phage DNA, viral DNA and the like, which can serve as a DNA 
vehicle into which DNA of the present invention can be cloned. Numerous types 
of vectors exist and are well known in the art. 

The term "expression" defines the process by which a gene 
is transcribed into mRNA (transcription), the mRNA is then being translated 
(translation) into one polypeptide (or protein) or more. 

The terminology "expression vector" defines a vector or 
vehicle as described above but designed to enable the expression of an inserted 
sequence following transformation into a host. The cloned gene (.nserted 
sequence) is usually placed under the control of control element sequences 
such as promoter sequences. The placing of a cloned gene under such control 
sequences is often referred to as being operably linked to control elements or 
sequences. 
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Operably linked sequences may also include two segments 
that are transcribed onto the same RNA transcript. Thus, two sequences, such 
as a promoter and a "reporter sequence" are operably linked if transcription 
commencing in the promoter will produce an RNA transcript of the reporter 
sequence. In order to be "operably linked" it is not necessary that two 
sequences be immediately adjacent to one another. 

Expression control sequences will vary depending on whether 
the vector is designed to express the operably linked gene in a prokaryotic or 
eukaryotic host or both (shuttle vectors) and can additionally contain 
transcriptional elements such as enhancer elements, termination sequences, 
tissue-specificity elements, and/or translational initiation and termination sites. 

Prokaryotic expressions are useful for the preparation of large 
quantities of the protein encoded by the DNA sequence of interest. This protein 
can be purified according to standard protocols that take advantage of the 
intrinsic properties thereof, such as size and charge (e.g. SDS gel 
electrophoresis, gel filtration, centrifugation, ion exchange chromatography...). 
In addition, the protein of interest can be purified via affinity chromatography 
using polyclonal or monoclonal antibodies. The purified protein can be used for 

therapeutic applications. 

The DNA construct can be a vector comprising a promoter 
that is operably linked to an oligonucleotide sequence of the present invention, 
which is in turn, operably linked to a heterologous gene, such as the gene for the 
luciferase reporter molecule. "Promoter" refers to a DNA regulatory region 
capable of binding directly or indirectly to RNA polymerase in a cell and initiating 
transcription of a downstream (3' direction) coding sequence. For purposes of 
the present invention, the promoter is bound at its 3' terminus by the transcription 
initiation site and extends upstream (5' direction) to include the minimum number 
of bases or elements necessary to initiate transcription at levels detectable 
above background. Within the promoter will be found a transcription initiation 
site (conveniently defined by mapping with S1 nuclease), as well as protein 
binding domains (consensus sequences) responsible for the binding of RNA 
polymerase. Eukaryotic promoters will often, but not always, contain "TATA- 
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boxes and "CCAT" boxes. Prokaryotic promoters contain -10 and -35 consensus 
sequences which serve to initiate transcription and the transcript products 
contain Shine-Dalgamo sequences, which sen/e as ribosome binding sequences 

during translation initiation. 

5 As used herein, the designation "functional derivative- 

denotes, in the context of a functional derivative of a sequence whether an 
nucleic acid or amino acid sequence, a molecule that retains a biological activity 
(either function or structural) that is substantially similar to that of the original 
sequence. This functional derivative or equivalent may be a natural derivative or 

10 may be prepared synthetically. Such derivatives include amino acid sequences 
having substitutions, deletions, or additions of one or more amino acids, provided 
that the biological activity of the protein is conserved. The same applies to 
derivatives of nucleic acid sequences which can have substitutions, deletions, 
or additions of one or more nucleotides, provided that the biological activity of the 

15 sequence is generally maintained. When relating to a protein sequence, the 
substituting amino acid as chemico-physical properties which are similar to that 
of the substituted amino acid. The similar chemico-physical properties include, 
similarities in charge, bulkiness, hydrophobicity. hydrophylicity and the like. The 
term "functional derivatives" is intended to include "fragments", "segments", 

20 "variants", "analogs" or "chemical derivatives" of the subject matter of the present 
invention. 

As well-known in the art. a conservative mutation or 
substitution of an amino acid refers to mutation or substitution which maintains 
1) the structure of the backbone of the polypeptide (e.g. a beta sheet or alpha- 

25 helical structure); 2) the charge or hydrophobicity of the amino acid; or 3) the 
bulkiness of the side chain. More specifically, the well-known terminologies 
"hydrophilic residues" relate to serine or threonine. "Hydrophobic residues" refer 
to leucine, isoleucine, phenylalanine, valine or alanine. "Positively charged 
residues" relate to lysine, arginine or hystidine. Negatively charged residues" 

30 refer to aspartic acid or glutamic acid. Residues having "bulky side chains" refer 
to phenylalanine, tryptophan or tyrosine. 
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Peptides, protein fragments, and the like in accordance with 
the present invention can be modified in accordance with well-known methods 
dependently or independently of the sequence thereof. For example, peptides 
can be derived from the wild-type sequence exemplified herein in the figures 
using conservative amino acid substitutions at 1, 2. 3 or more positions. The 
terminology "conservative amino acid substitutions" is well-known in the art 
which relates to substitution of a particular amino acid by one having a similar 
characteristic (e.g. aspartic acid for glutamic acid, or isoleucine for leucine). Of 
course, non-conservative amino acid substitutions can also be carried out, as 
well as other types of modifications such as deletions or insertions, provided that 
these modifications modify the peptide, in a suitable way (e.g. without affecting 
the biological activity of the peptide if this is what is intended by the modification). 
A list of exemplary conservative amino acid substitutions is given hereinbelow. 
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CONSERVATIVE AMINO ACID REPLACEMENTS 



For Ammo Acid Code 



Replace With 



| Alanine 
j Argmine 


A 


r\ 


i 

j Asparagine 


N 


j Aspartic Acid 


" D 


: Cysteine 


c 


Giutamine 


! Q 




E 


Glycine 


; g 

i 


Isoieucirie 


• i 


Leucine 


" L 


Lysine 


;k" 


Methionine 


; M 


Phenylalanine 


• — 

*; f 


Proline 


! p 


Serine 


s 


; Threonine 


T 



I 



Tyrosine 



| Valine 



Y 
V 



D-Ala. Gly. Aib. |J-Ala. Acp, L- Cys, P-Cys 
b-Arg, Lys. D-Lys. homo-Arg. D-homo-Arg. Met. 

He, D-Met, D-lle, Orn. D-Orn 

D-Asn. Asp. P-Asp. Glu. D-Glu. Gln.p-Gln 
P-A$p, P-Asn. Asri. Glu, D^GluT Gin, D-GIn 



I 



P-Cys, S-Me-Cys. Met~P-~Met, Thr. P-Thr -■■ * 

D-GIn, Asn. D-Asn! Glu, D-Glu. Asp, P-Asp 

D-Glu, D-Asp, Asp. Asn. D-As n. Gin, P-GIn 

Ala. P-Ala. Pro. P-Pro. AiP . £Xia. Acp 

D-iie. Vai' D-Vai. AdaA. AdaG. ueu. P-Leu, Met. 

D-Met „ 

D-Ueu. val. D-Val. AdaA. AdaG" Leu. D-Leu. 
Met. P-Met 

P-Lys*. Arg" P-Arg. homo-Arg. P^homq-Arg, Met, 

P-Met, He, P-lle, Orn. P-Orn 

P4Aet. S-Me-Cys. He. P-He. Leu. P-lleu, VaT.D^ 

Val 

"P-Phe. tyr." P-Thr. L-Popa. Mis" P-His, Tfp. P- 
Trp. Trans-3.4. or 5-phenylproline. AdaA. AdaG, 

cis-3.4. or 5-pnenyipronne. Bpa. P-Bpa 

P-Pro. L-i-thioazoiidine-^arDoxyiic acid. P-or 
L-1-oxazolidine-4-carboxylic acid (Kauer. U S 

Pat. No. (4.511.390) 

P-Ser. thr. P-Thr. allo-Thr.~M¥t, P-Met, Met (6), 

D-Met(O), L-Cys. P-Cys 

P-Thr. Ser. P-~Ser. alio-Thf.'Met",' P-Met. Met(0). 

P-Met(O). Val, P-Val 

P-Tyr, Phe.'P-Phe, L-Popa, His, P-His 

P-Val. Leu. D-Leu. lie. P-lle. Met, P-Met, AdaA. 

AdaG 



I 
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As can be seen in this table, some of these modifications can 
be used to render the peptide more resistant to proteolysis. Of course, 
modifications of the peptides can also be effected without affecting the primary 
sequence thereof using enzymatic or chemical treatment as well-known in the 

art. . , ■ 

Thus, the term "variant" refers herein to a protein or nucleic 

acid molecule which is substantially similar in structure and biological activity to 
the protein or nucleic acid of the present invention. Of course, conserved ammo 
acids can be targeted and replaced (or deleted) with a "non^onservative" ammo 
acid in order to reduce, or destroy the biological activity of the protein. Non- 
l imit ing examples of such genetically modified proteins include dominant negate 
mutants. 

As used herein, "chemical derivatives" is meant to cover 

additional chemical moieties not normally part of the subject matter of the 
invention. Such moieties could affect the physico-chemical characteristic of the 
derivative (e.g. solubility, absorption, half life and the like, decrease of toxicity). 
Such moieties are exemplified in Remington's Pharmaceutical Sciences (e.g. 
1980) Methods of coupling these chemical-physical moieties to a polypept.de 
are well known in the art. It will be understood that chemical modifications and 
the like could also be used to produce inactive or less active agents or 
compounds. These agents or compounds could be used as negative controls or 
for eliciting an immunological response. Thus, eliciting immunological tolerance 
using an inactive modification of one of the validated targets in accordance wrth 
the present invention is also within the scope of the present invention. 

The term "allele" defines an alternative form of a gene which 

occupies a given locus on a chromosome. 

It should be understood that numerous types of antifungal 
polypeptides, fragments, and derivatives thereof can be produced using 
numerous types of modifications of the amino acid chain. Such numerous types 
of modifications are well-known to those skilled in the art. Broadly, these 
modifications include, without being limited thereto, a reduction of the size of the 
molecule, and/or the modification of the amino acid sequence thereof. Also, 
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chemical modifications such as, for example, the incorporation of modified or 
non-natural amino acids or non-amino acid moieties, can be made to polypeptide 
derivative or fragment thereof, in accordance with the present invention. Thus, 
synthetic peptides including natural, synthesized or modified amino acids, or 
mixtures thereof, are within the scope of the present invention. 

Numerous types of modifications or derivatizations of the 
antifungals of the present invention, and particularly of the validated targets of 
the present invention, are taught in Genaro. 1995, Remington's Pharmaceutical 
Science. The method for coupling different moieties to a molecule in accordance 
with the present invention are well-known in the art. A non-limiting example 
thereof includes a covalent modification of the proteins, fragments, or derivatives 
thereof. More specifically, modifications of the amino acids in accordance with 
the present invention include, for example, modification of the cysteinyl residues, 
of the histidyl residues, lysinyl and aminoterminal residues, arginyl residues, 
thyrosyl residues, carboxyt side groups, glutaminyl and aspariginyl residues. 
Other modifications of amino acids can also be found in Creighton, 1983, In 
Proteins, Freeman and Co. Ed., 79-86. 

As commonly known, a "mutation" is a detectable change in 
the genetic material which can be transmitted to a daughter cell. As well known, 
a mutation can be. for example, a detectable change in one or more 
deoxyribonucleotide. For example, nucleotides can be added, deleted, 
substituted for. inverted, or transposed to a new position. Spontaneous mutations 
and experimentally induced mutations exist. The result of a mutations of nucleic 
acid molecule is a mutant nucleic acid molecule. A mutant polypeptide can be 
encoded from this mutant nucleic acid molecule. 

The terminology "dominant negative mutation" refers to a 
mutation which can somehow sequester a binding partner, such that the binding 
partner is no longer available to perform, regulate or affect an essential function 
in the cell. Hence, this sequestration affects the essential function of the binding 
partner and enables an assayable change in the cell growth of the cell. In one 
preferred embodiment, the change is a decrease in growth of the cell, or even 
death thereof. 
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As used herein, the term "purified" refers to a molecule having 
been separated from a cellular component. Thus, for example, a "purified 
protein" has been purified to a level not found in nature. A "substantially pure- 
molecule is a molecule that is lacking in most other cellular components. 

As used herein, the terms "molecule", "compound" or "ligand" 
are used interchangeably and broadly to refer to natural, synthetic or semi- 
synthetic molecules or compounds. The term "molecule" therefore denotes for 
example chemicals, macromolecules, cell or tissue extracts (from plants or 
animals) and the like. Non limiting examples of molecules include nuclerc aod 
molecules, peptides, antibodies, carbohydrates and pharmaceutical agents. The 
agents can be selected and screened by a variety of means including random 
screening, rational selection and by rational design using for example protein or 
ligand modeling methods such as computer modeling, combinatorial library 
screening and the like. It shall be understood that under certain embodiments, 
more than one "agents" or "molecules" can be tested simultaneously. Indeed, 
pools of molecules can be tested. Upon the identification of a pool of molecules 
as having an effect on an interaction according to the present invention, the 
molecules can be tested in smaller pools or tested individually to identify the 
molecule initially responsible for the effect. The terms "rationally selected" or 
"rationally designed" are meant to define compounds which have been chosen 
based on the configuration of the validated targets or interaction domains thereof 
of the present invention. As will be understood by the person of ordinary sk.ll, 
macromolecules having non-naturally occurring modifications are also within the 
scope of the term "molecule". For example, peptidomimetics, well known in the 
pharmaceutical industry and generally referred to as peptide analogs can be 
generated by modelling as mentioned above. Similarly, in a preferred 
embodiment, the polypeptides of the present invention are modified to enhance 
their stability. The molecules identified in accordance with the teachings of the 
present invention have a therapeutic value in diseases or conditions associated 
with a fungal infection, and particularly with C. albicans infections. Alternatively, 
the molecules identified in accordance with the teachings of the present invention 
find utility in the development of more efficient antifungal agents. 
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The term "mimetic" refers to a compound which is structurally 
and functionally related to a reference compound, whether natural, synthetic or 
chimeric. The term "peptidomimetic" is a non-peptide or polypeptide compound 
which mimics the activity-related aspects of the 3-dimensional structure of a 
peptide or polypeptide. Thus, peptidomimetic can mimic the structure of a 
fragment or portion of a fungi polypeptide. In accordance with one embodiment 
of the present invention, the peptide backbone of a mutant of a validated target 
of the present invention is transformed into a carbon-based hydrophobic 
structure which retains its antifungal activity. This peptidomimetic compound 
therefore corresponds to the structure of the active portion of the mutant from 
which it was designed. Such type of derivatization can be done using standard 

medical chemistry methods. 

Libraries of compounds (publicly available or commercially 
available) are well-known in the art. The term "compounds" is also meant to 
cover ribozymes (see, for example, US 5,712,384, US 5,879,938; and 
4.987,071), and aptamers (see, for example, US 5,756,291 and US 5,792,613). 

It will be apparent to a skilled artisan that the present invention 
is amenable to the chip technology for screening compounds or diagnosing fungi 
infection. Furthermore, screening assays in accordance with the present 
invention can be carried out using the well-known array or micro-array 
technology. 

The present invention also provides antisense nucleic acid 
molecules which can be used for example to decrease or abrogate the 
expression of the nucleic acid sequences or proteins of the present invention. 
An antisense nucleic acid molecule according to the present invention refers to 
a molecule capable of forming a stable duplex or triplex with a portion of its 
targeted nucleic acid sequence (DNA or RNA). In one particular embodiment, 
the antisense is specific to 4E-BP1 . The use of antisense nucleic acid molecules 
and the design and modification of such molecules is well known in the art as 
described for example in WO 96/32966. WO 96/11266. WO 94/15646, WO 
93/08845 and USP 5,593,974. Antisense nucleic acid molecules according to 
the present invention can be derived from the nucleic acid sequences and 
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modified in accordance to well known methods. For example, some antisense 
molecules can be designed to be more resistant to degradation to increase their 
affinity to their targeted sequence, to affect their transport to chosen cell types 
or cell compartments, and/or to enhance their lipid solubility by using nucleotide 
5 analogs and/or substituting chosen chemical fragments thereof, as commonly 
known in the art. 

It shall be understood that the "in v/vo" experimental model 
can also be used to carry out an "in vitro" assay. For example, extracts from the 
indicator cells of the present invention can be prepared and used in one of the 
10 in vitro method of the present invention or an in vitro method known in the art. 

As used herein the recitation "indicator cells" refers to cells 
that express, in one particular embodiment, one of CaKRE5, CaALRI, and 
CaCDC24, in such a way that an identifiable or selectable phenotype or 
characteristic is observable or detectable. Such indicator cells can be used in 
15 the screening assays of the present invention. In certain embodiments, the 
indicator cells have been engineered so as to express a chosen derivative, 
fragment, homolog, or mutant of these interacting domains. Preferably, the cells 
ate fungal cells. In one embodiment, the cells are S. cerevisiae cells, in another 
C. albicans cells. In one particular embodiment, the indicator cell is a yeast cell 
20 harboring vectors enabling the use of the two hybrid system technology, as well 
known in the art (Ausubel et al., 1994. supra) and can be used to test a 
compound or a library thereof. In one embodiment, a reporter gene encoding a 
selectable marker or an assayable protein can be operably linked to a control 
element such that expression of the selectable marker or assayable protein is 
dependent on a function of one of the validated targets. Such an indicator cell 
could be used to rapidly screen at high-throughput a vast array of test molecules. 
In a particular embodiment, the reporter gene is luciferase or (5-Gal. 

In one embodiment, the validated targets of the present 
invention may be provided as a fusion protein. The design of constructs therefor 
30 and the expression and production of fusion proteins are well known in the art 
(Sambrook et al., 1989, supra; and Ausubel et al., 1994, supra). In a particular 
embodiment, both interaction domains are part of fusion proteins. A non-limiting 
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example of such fusion proteins includes a LexA-X fusion (DNA-binding domain- 
4E-X; bait, wherein X is a validated target of the present invention or part or 
derivative thereof) and a B42 fusion (transactivator domain-Y; prey, wherein Y 
is a factor or part thereof which binds to X). In yet another particular 
embodiment, the LexA-X and B42-Y fusion proteins are expressed in a yeast cell 
also harboring a reporter gene operably linked to a LexA operator and/or LexA 
responsive element. Of course, it will be recognized that other fusion proteins 
can be used in such 2 hybrid systems. Furthermore, it will be recognized that the 
fusion proteins need not contain the full-length validated target or mutant thereof 
or polypeptide wrth which it interacts. Indeed, fragments of these polypeptides, 
provided that they comprise the interacting domains, can be used in accordance 

with the present invention. 

Non-limiting examples of such fusion proteins include a 
hemaglutinin fusions, Gluthione-S-transferase (GST) fusions and Maltose 
binding protein (MBP) fusions. In certain embodiments, it might be beneficial to 
introduce a protease cleavage site between the two polypeptide sequences 
which have been fused. Such protease cleavage sites between two 
heterologously fused polypeptides are well known in the art. 

In certain embodiments, it might also be beneficial to fuse the ' 
interaction domains of the present invention to signal peptide sequences 
enabling a secretion of the fusion protein from the host cell. Signal peptides from 
diverse organisms are well known in the art. Bacterial OmpA and yeast Suc2 are 
two non limiting examples of proteins containing signal sequences. In certa.n 
embodiments, it might also be beneficial to introduce a linker (commonly known) 
between the interaction domain and the heterologous polypeptide portion. Such 
fusion protein finds utility in the assays of the present invention as well as for 
purification purposes, detection purposes and the like. 

For certainty, the sequences and polypeptides useful to 
practice the invention include without being limited thereto mutants, homologs, 
subtypes, alleles and the like. It shall be understood that in certam 
embodiments, the sequences of the present invention encode a funct.onal (albert 
defective) interaction domain. It will be clear to the person of ordinary stall that 
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whether an interaction domain of the present invention, variant, derivative, or 
fragment thereof retains its function in binding to its partner can be read.ly 
determined by using the teachings and assays of the present invention and the 

general teachings of the art. 

Of course, the interaction domains of the present invention 
can be modified, for example by in vitro mutagenesis, to dissect the structure- 
function relationship thereof and permit a better design and identification of 
modulating compounds. Derivative or analogs having lost their b.olog.cal 
function of interacting with their respective interaction may find an additional 
utility (in addition to a function as a dominant negative, for example) in ra,s.ng 
antibodies. Such analogs or derivatives could be used for example to ra.se 
antibodies to the interaction domains of the present invention. These antibod.es 
could be used for detection or purification purposes. In addition, these 
antibodies could also act as competitive or non-competitive inhibitor and be 
found to be modulators of the activity of the targets of the present invention. 

A host cell or indicator cell has been "transfected" by 
exogenous or heterologous DNA (e.g. a DNA construct) when such DNA has 
been introduced inside the cell. The transfecting DNA may or may not be 
integrated (covalently linked) into chromosomal DNA making up the genome of 
the cell. In prokaryotes. yeast, and mammalian cells for example, the transfecting 
DNA may be maintained on a episomal element such as a plasmid. Transfection 
and transformation methods are well known in the art (Sambrook et al., 1989. 
supra; Ausubel et al., 1994 supra; Yeast Genetic Course, A Laboratory Manual, 
CSH Press 1987). 

In general, techniques for preparing antibodies (including 
monoclonal antibodies and hybridomas) and for detecting antigens using 
antibodies are well known in the art (Campbell, 1984, In "Monoclonal Antibody 
Technology: Laboratory Techniques in Biochemistry and Molecular Biology", 
Elsevier Science Publisher, Amsterdam, The Netherlands) and in Harlow et al., 
1988 (in: Antibody- A Laboratory Manual, CSH Laboratories). The present 
invention also provides polyclonal, monoclonal antibodies, or humanized 
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versions thereof, chimeric antibodies and the like which inhibit or neutralize their 
respective interaction domains and/or are specific thereto. 

From the specification and appended claims, the term 
therapeutic agent should be taken in a broad sense so as to also include a 
combination of at least two such therapeutic agents. 

In one particular embodiment, the present invention provides 
the means to treat fungal infection comprising an administration of an effective 
amount of an antifungal agent of the present invention. 

For administration to humans, the prescribing med.cal 
professional will ultimately determine the appropriate form and dosage for a 
given patient, and this can be expected to vary according to the chosen 
therapeutic regimen (e.g. DNA construct, protein, molecule), the response and 
condition of the patient as well as the severity of the cfisease. " * 

Composition within the scope of the present invention should 
contain the active agent (e.g. protein, nucleic acid, or molecule) in an amount 
effective to achieve the desired therapeutic effect while avoiding adverse s.de 
effects Typically, the nucleic acids in accordance with the present invention can 
be administered to mamma.s (e.g. humans) in dcses ranging from 0.005 to 1 mg 
per kg of body weight per day of the mammal which is treated. Pharmaceutcally 
acceptable preparations and safe of the active agent are within the scope of the 
present invention and are well known in the art (Remington's Pharmaceutical 
Science, 16th Ed., Mack Ed.). For the administration of poly P e P t,des, 
antagonists, agonists and the like, the amount administered should be chosen 
so as to avoid adverse side effects. The dosage will be adapted by the chmcan 
in accordance with conventional factors such as the extent of the disease and 
different parameters from the patient. Typical.y, 0.001 to 50 mg/kg/day will be 
administered to the mammal. 

BRIEF DESCP 'PTION OF THF DRAWINGS 

Having thus generally described the invention, reference will 
now be made to the accompanying drawings, showing by way of illustration a 
preferred embodiment thereof, and in which: 
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Figure 1 shows CaKRE5 sequence and comparison to the 
S cerevisiae KRE5, Drosophila melanogaster UGGT1, and S. pombe GPT1 
encoded proteins. (A) illustrates nucleotide and predicted amino acid sequence 
of CaKreSp. The CaKreSp signal peptide is underlined in bold. The ER retent.on 

5 sequence His-Asp-Glu-Leu (HDEL) is indicated in bold at the C-term.nus. 
Non-canonical CTG codons encoding Ser in place of Leu are italiozed. (B) 
shows protein sequence alignment between CaKreSp, KreSp. Gptlp, and Uggtp. 
Proteins are shown in single-letter amino acid code with amino acid ,dent,t.es 
shaded in black and similarities shaded in gray. Gaps introduced to improve 

10 a.ignment are indicated by dashes and amino acid positions are shown atthe 

left; . c 

Figure 2 shows CaALRI sequence and companson to i>. 

cerevisiae Alrlp and Alr2p. (A) illustrates nucleotide and predicted amino acid 
sequence of CaALRI . Two hydrophobic amino acid stretches predicted to serve 
15 as transmembrane domains are indicated in bold. Non^anonical CTG codons 
are italicized. (B) shows protein sequence alignment between CaAIMp, Alrlp, 
and Alr2p Proteins are shown in single-letter amino acid code with ammo acid 
identities shaded in black and similarities shaded in gray. Dashes indicate gaps 

introduced to improve alignment; 

2Q Figure 3 shows CaCDC24 sequence and companson to 

CDC24 from S. cerevisiae and S. pombe. (A) illustrates nucleotide and 
predicted amino acid sequence of CaCDC24. Non-canonical CTG codons are 
italicized (B) shows protein sequence alignment between CaCdc24p. S. 
cerevisiae Cdc24p, and the S. pombe homolog. Scdlp. The CaCdc24p db. 

25 homology domain extends from amino acids 280-500. A p.eckstrin homology 
domain is detected from residues 500-700. Protein alignments are formatted as 

described in Fig. 1 and 2; and 

Figure 4 illustrates disruption of CaKRES, CaALRI, and 
CaCDC24. Restriction maps of (A) CaKRES, (C) CaALRI, and (E) CaCDC24 
30 display restriction sites pertinent to disruption strategies. The insertion posrfon 
of the hisG-URA3-hisG disruption module relative the CaKRES, CaALRI, and 
CaCDC24 open reading frames (indicated by open arrows) is indicated as well 
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as probes used to verify disruptions by Southern blot analysis. (B, D. F) show 
southern blot verification of targeted integration of the hisG-URA3-h,sG 
disruption module into CaKRES. CaALRI, and CaCDC24 and its precise 
excision after 5-FOA treatment. (B) shows genomic DNA extracted from 
Candida albicans wild-type strain, CAM (lane 1). heterozygote 
CaKRE5/cakre5A::hisG-URA3-hisG (lane 2). heterozygote 
CaKRE5/cakre5A::hisG after 5-FOA treatment (lane 3), and a representee 
transformed resulting from the second round of transformation into a 
CaKRE5/cakre5&::hisG heterozygote (lane 4), were digested with H.ndlll and 
analyzed using CaKRES, hisG, and CaURA3 probes. Asterisks identify the 1.6 
kb ladder fragment that nonspecifically hybridizes to the three probes. (E) 
shows genomic DNA extracted from CAM (lane 1), heterozygote 
CaALR1/caa,rtA::hisG-URA3-NsG (lane 2). heterozygote 
CaALR1/caalrU::hisG after 5-FOA treatment (lane 3), and a representative 
transformer* resuming from the second round of transformation into a 
CaALR1/caalrtA::hisG heterozygote (lane 4), were digested with EcoRI and 
analyzed using CaALRI, hisG, and CaURA3 probes. (F) shows genomic DNA 
extracted from CAM (lane 1), heterozygote 

CaCDC24/cacdc24A::hisG-URA3-hisG containing the disruption module .n 
orientation 1 (lane 2), heterozygote CaCDC24/cacdc24*::hisG-URA3-h,sG 
containing the disruption module in orientation 2 (lane 3), heterozygote 
CaCDC24/cacdc24A::hisG (orientation 1) after 5-FOA treatment (lane 4). 
heterozygote CaCDC24/caodc24A:hisG (orientation 2) after 5-FOA treatment 
(lane 5) and a representative transformant resulting from the second round 
of transformation into a CaALR1/caalr1A::hisG (orientation 1) heterozygote (lane 
6), were digested with EcoRI and analyzed using CaCDC24, hisG, and CaURAS 

probes. . 

Other objects, advantages and features of the present 

invention will become more apparent upon reading of the following non-restrictive 
description of preferred embodiments with reference to the accompany.ng 
drawing which is exemplary and should not be interpreted as limiting the scope 
of the present invention. 
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npgr.mPTION ™F PREFERRFD EMBODIMENT 

Three C. albicans genes whose gene products are 
homologous to those encoded by the essentia, genes KRES, CDC24, and ALR1 
from S cerevisiae were identified. These genes participate in essential cellular 
functions of cell wall biosynthesis, polarized growth, and divalent cation transport, 
respectively. Disruption of these genes in C. albicans experimentally 
demonstrates their essentia, role in this pathogenic yeast. Database searches 
fail to identify clear homologous counterparts in Caenorhabditis e.egans, mouse 
and H. sapiens genomes, supporting the utility of these genes as novel 
antifungal targets. 

Full length clones of CaKRES, CaCDC24 and CaALRI usrng 
available fragments of C. albicans DNA were isolated by Polymerase Chain 
Reaction (PGR) to amplify genomic DNA derived from C. albicans strain 
SC5314 The PCR products were radiolabeled and used to probe the C. 
albicans genomic library by colony hybridization. DNA sequencing revealed 
complete open reading frames of CaKRES, CaCDC24 and CaALRI sharing 
statistically significant homology to their S. cerevisiae counterparts namely 
KRES, CDC24 and ALR1 all of which have met several criteria expected for 

potential antifungal drug targets. 

Disruption of CaKRES, CaCDC24 and CaALRI was 
performed. The disruption plasmids were digested and transformed Into a 
albicans strain CA14. Southern blot ana.ysis confirmed that the aforementioned 

genes are essentia, in C. albicans. 

CaKRES CaCDC24 and CaALRI were used in antifungal 
screening assays which confirmed their potential to screen for novel antifunga. 
compounds. 

KRES 

The C albicans KRES gene meets several criteria expected 
for a potentia. antifunga. drug target. In S. cerevisiae, deletion of KRES confers 
a lethal phenotype (2). Although KREMeleted cells are known to be vrable .n 
one particular strain background, they are extremely s.ow growrng and 
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spontaneous exogenic suppressors are required to propagate kreSnuli cells 
under laboratory conditions. Genetic analyses suggest that KRE5, together 
with a number of additional KRE genes (e.g. KRE9) participate in the in wvo 
synthesis of ,6)-glucan. p-(1 ,6)-glucan covalently cross-links or "glues" 
5 other cell surface constituents, namely p-(1.3H>lucan. mannan, and cMn into 
the final wall structure and has been shown to be essential for viability in both 
S cerevisiae and C. albicans (1.2 and references therein). Importantly, 
6.(1 6)-g.ucan has been demonstrated to exist in a number of additional fungal 
classes including other yeast and filamentous Ascomycetes. Basidiomycetes, 
10 Zygomycetes and Oomycetes, emphasizing the likelihood that gene products 
functioning in the p-(1,6)-glucan biosynthetic pathway could serve as broad 
spectrum drug targets. Moreover, experimental efforts have failed to detect 
M 1 6)-glucan in higher eukaryotes, suggesting that inhibitory compounds 
identified to act against CaKreSp would likely display a minima, toxicrty to 
15 mammalian and more particularly to humans. Having now shown that CaKRE5 
is essentia. C aibicans, and knowing that KRE5 is also essentia, in S. cerev,s,ae 
two yeasts which have significantly diverged evolutionary strongly suggest that 
KRE5 is a target for antifungal drug screening and diagnosis in a w.de vanety of 
fungi, including animal- and plant-infesting fungi. 
20 " " consistent with a role in p-(1 ,6)-glucan biosynthesis, in wo 

.evels of this polymer are reduced substantially in kre5-1 cells versus an 
isogenic wild type strain, and are comp.ete.y absent in several 
independently-suppressed Kre5 null strains (2). In addition. KreS mutants 
show a number of genetic interactions with KRE6, another gene involved ,n 
25 6-(1 6>-glucan assembly. AKhough the biochemistry of W 1 .6>-glucan synthes,s 
remains poorly understood, recent studies demonstrate that cel. wan 
mannoproteins are extensively g.ucosylated through P -(1.6) linkages and 
that this modification plays a centra, role in their anchorage within the 
extrace..u.ar matrix. KreSp p.ays a critica. ro.e in this process as Cwpip an 
30 abundant ce,. wa„ protein which is demonstrated to »™+™»" 
through P -(1.6)-g.ucan addition, is undetected in the ce.. wall fract.cn of kreSnui, 
cells, and instead secreted into the medium. 
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The predicted KRE5 gene product offers only limited insight 
into a possible biochemical activity related to KUKJuan production. KRE5 
encodes a large secretory protein containing both an N-terminal signal pept.de 
and C-terminal HDEL retention signal for localization to the endoplasmic 
reticulum. Interestingly. KreSp has limited but significant homology to 
UDP-glucose:glycoprotein glycosyltransferases (UGGT), an enzyme class 
participating in the "quality control" of protein folding. Such UGGT enzymes 
function to "tag" misfolded ER proteins by reglucosylation of /V-I.nked 
GlcNAc2Man9 core oligosaccharide structures present on misfolded protems. 
Proteins labelled in this way are substrates for the ER chaperonin, calnexm, 
which facilitates refolding of the misfolded protein. However, genefc 
analyses to address the relative involvement of KreSp in glucosylation-dependent 
protein folding and P -(1 .6)-glucan biosynthesis demonstrate that the essenfa. 
function of KreSp is unrelated to protein folding, and instead relates to rts role 
in 6)-glucan polymer biosynthesis (3). Although it remains to be 
demonstrated biochemically. KreSp homology to glycosyltransferases l.kely 
reflects its role in the early biosynthesis of this polymer. 
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ALR1 

The product of the C. albicans gene. CaALRI, also meets 
several criteria characteristic of a suitable antifungal drug target. In S. 
cerevisiae, ALR1 is essentia, for cell viability, although this essent.al.ty .s 
suppressed under growth conditions containing non-physio.ogica.ly-relevant 
.evels of supplementary Mg*. ALR1 encodes a 922 amino acid proton 
containing a highly charged N-termina. domain and two hydrophobe 
C-terminal regions predicted to serve as membrane spanning doma.ns 
anchoring the protein at the plasma membrane. Although such a local^aton 
remains to be directly demonstrated, deposition to the cell surface makes 
Alr1 P an attractive drug target in terms of both bioavailability and res.stance 
issues AIMp shares substantial homology to two additional S. cerevisiae 
proteins, Alr2p (70% identity) and Ykl064p (34% identfty). Both AIMp and Alr2p 
share limited similarity to CorA, a Salmonella typhimurium/periplasm.c 
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membrane protein involved in divalent cation transport. Mammalian 
homologues to ALR1 have not been detected despite extensive homology 
searches in metazoan databases (data not shown). 

Although ALR1 was identified in a screen for genes that 
confer increased tolerance to AI+3 when overexpressed, biochemical analyses 
support a role for ALR1 in the uptake system for Mg* 2 and possibly other 
divalent cations. Mg +2 is an essentia, requirement for bacteria, and yeast 
growth. Uptake of radio.abe.ted Co+2. an anateg of Mg + 2 for uptake assays, 
correlates with ALR1 activity. 

CDC24 

A third potential antifungal drug target is the product of the 
C albicans gene. CaCDC24. CDC24 is essential for viability in both S. 
cemv/sae and S. pombe (5). CDC24 has been btechem,c*«y 

demonstrated to encode GDP-GTP nucteotide exchange factor (GEF) 
activity towards Cdc42p, a Rac/Rho-type GTPase invdved in po.arization of 
the actin cytoskeleton. Conditional alleles of CDC24 shifted to the 
non-permissive temperature lack a polarized distribution of act.n, and 
consequential form large, spherical, unbudded ce.ls in which the normal 
polarized deposition of cell wall materia, is disrupted. Eventually, cdc24 
mutants lyse at the restrictive temperature. CDC24-dependent activat.cn of 
CDC42 is also required for the activation of the pheromone response signal 
transduction pathway during mating, and likely participates in the activation of 
this pathway under conditions that promote pseudohyphal development, s.nce 
a downstream effector of CDC42, STE20, is required for hyphal format.cn. Thus 
CDC24 regulates cell wall assembly and the yeast-hyphal dimorphic transrt.on; 
both key cellular processes and targets being actively pursued in antifungal drug 
screens. 

Cdc24p localizes to the cell cortex concentrating at sites of 
polarized growth and interacts physical.y with a number of proteins including 
Cdc42 P Bemlp, and the heterotrimeric G protein P and y subunits encoded 
by STE4 and STE18 respectively. Cdc24p shares 24% overall identrty torts 
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S pombe counterpart, Scdlp. Similar homology has not been found in 
mammalian database protein searches, although Cdc24p does possess limited 
homology to a domain of the human exchange protein, dbl, and conta.ns a 
pleckstrin homology domain, common to several mammalian protein classes. 

5 In contrast to Cdc24p, which has limited homology outside of fungi. Cdc42p 
shares 80-85% identity to mammalian proteins. The fungal-specific character of 
CDC24 may be due to its role in hallmark fungal processes like bud formation, 
pseudohyphal growth, and projection formation during mating, whereas CDC42 
performs highly conserved functions (namely actin polymerization and signal 

10 transduction) common to all eukaryotes. 

Isolation of CaKRES, CaCDC24, and CaALRI. 

To isolate full length clones of CaKRE5, CaCDC24, and 
CaALRI, oligonucleotides were designed according to publicly available 

15 fragments of C. albicans DNA sequence. Polymerase chain reaction (PCR) 
using oligonucleotide pairs CAKRE5. 1 /CAKRE5.2, CaCDC24.1/CaCDC24.2, 
and CaALRI. 1/CaALR1. 2 to amplify genomic DNA derived from C. albicans 
strain SC5314 yielded 574, 299, and 379 bp products, respectively. These PCR 
products were ^-radiolabeled and used to probe a YEp352-based C. 

20 albicans genomic library by colony hybridization. 



25 



Sequence Information 

DNA sequencing of two independent isolates representing 
putative CaKRES and CaALRI clones revealed complete open reading 
frames (orf) sharing statistically significant homology to their S. cerevisiae 
counterparts (Figs. 1. 2). DNA sequencing of multiple isolates of CaCDC24 
revealed an orf containing strong identity to CDC24, but predicted to be 
truncated at its 3' end. The 3' end of CaCDC24 was isolated by PCR 
amplification using one oligonucleotide designed from its most 3" sequence and 
30 a second oligonucleotide which anneals to the YE P 352 polylinker allow.ng 
amplification of CaCDC24 C-terminal encoding fragments from this C. albicans 
genomic library. Subcloning and DNA sequencing of a 1.0 kb PCR product 
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completes the CaCDC24 open reading frame and reveals its gene product 
to share strong homology to both Cdc24p and Scdlp (Fig. 3). 

CaKRE5 _^ r _ c 

Sequence analysis reveals CaKRE5 and KRE5 are 

predicted to encode similarly-sized proteins (1447 vs 1365 amino acids; 166 vs 

156 kDA) sharing significant homology throughout their predicted protem 

sequences (22% identity, 42% similarity; see Fig. 1). Moreover, like KRE5, 

CaKRES is predicted to possess an amino-terminal signal peptide requ.red for 

translocation into the secretory pathway, and a C-terminal HDEL sequence 

which facilitates the retention of so.uble secretory proteins with.n the 

endoplasmic reticulum (ER). Although CaKreSo is more homologous to S. 

pombe and metazoan UGGT proteins throughout its C-terminal UGGT homology 

domain than to Kre5p, CaKre5p and KreSp. arefmore related to each other 

over their remaining sequence (approx. 1100 amino acids). Th.s un.que 

homology between the two proteins as well as a similar nu.l phenotypes 

(see below) suggest that CaKRES likely serves as the KRES counterpart in C 
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CaALRI encodes a 922 amino acid residue protein sharing 
strong identity to both ALR1 (1.0e-180) and ALR2 (1.0e-179; see Fig.2). Like 
these proteins, CaALRI possesses a C-terminal hydrophobic region wh,ch 
likely functions as two transmembrane anchoring domains. CaALRI shares 
only limited homology, however, to two highly homdogous regions common to 
ALR1 and ALR2; neither the N-termina. 250 amino acids of CaALRI nor its last 
50 amino acids C-terminal the hydrophobic domain share strong sim.lanty to 
ALR1 or ALR2. In addition, CaALRI possesses two unique sequence 
extensions within the CorA homology region (one 38 amino acids in length, the 
other 16 amino acids long) not found in either ALR1 or ALR2. Protein database 
searches identify a S. pombe hypothetical protein sharing strong homology to 
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CaALRI (2.7e-107), however no similarity to higher eukaryotic proteins were 
detected. 

CaCDC24 

Sequence analysis of the CaCDC24 gene product reveals 
extensive homology to both Cdc24p <1e-93) and Scdlp from S. ceravisiae and 
S pombe respectively (2e-61; see Fig.3) throughout their entire open read.ng 
frames. Although limited similarity exists between CaCdc24p (and both Cdc24p 
and Scdlp) and a large number of metazoan proteins (upto 5e-1 8), in each 
case this homology is restricted to the nucleotide exchange domain pred.cted 
to span amino acid residues 250-500. Extensive analysis of metazoan 
databases failed to identify significant homology to either the N-termina. (ammo 
acids 1-250) and G-terminal (amino acids 500-844) regions of CaCdc24p 
suggesting the CDC24 gene family is conserved exclusively within the fungal 
kingdom. 

Disruption of CaKRE5, CaALRI, and CaCDC24 

F* periment al strategy 

Disruption of CaKRE5 was performed using the 
h isG-CaURA3-hisG "^-blaster" cassette constructed by Fonzi and Irwin 
and standard molecular biology techniques (1, and references within). A 
cakre5::hisG-CaURA3-hisG disruption plasmid was constructed by deletmg 
a 780bp BamH1-Bglll DNA fragment from the library plasmid isolate. pCaKRES, 
and replacing it with a 4.0 kb BamHI-Bglll DNA fragment contain.ng the 
h isG-CaURA3-hisG module from pCUB-6. This CaKRES disruption plasrmd .s 
deleted of DNA sequence encoding amino acids 971-1231, wh.ch 
encompasses approx. 50% of the UGGT homology domain. This CaKRES 
disruption plasmid was then digested with Sphl prior to transformation. 

A CaALRI disruption allele was constructed by first 
subcloning a 7.0 kp CaALRI BamHI-Sall fragment from YE P 352-library isolate 
pCaALRI into PBSKII+. A 841 bp CaALRI Hindlll-Bglll fragment was then 
replaced with a 4.0 kb h isG-CaURA3-hisG DNA fragment digested with Hindlll 
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and BamHI from PBSK-hisG-CaURA3-hisG . This CaALRI disruption allele, 
which is lacking DNA sequences encoding amino acids 20-299, was digested 
using BamHI and Sail prior to transformation. 

A CaCDC24 insertion allele was constructed by first deleting 
a 0 9 kb Kpnl fragment from YEp352-library isolate P CaCDC24 to remove 
CaCDC24 upstream sequence containing BamHI and Bglll restriction sites 
which obstruct the insertion of the hisG-CaURA3-hisG module. The 4.0 kb 
BamHI-Bglll NsG-CaURA3-NsG fragment from pCUB-6 was then ligated .nto a 
unique Bglll site. The resulting plasmid possessing an insertion allele within 
CaCDC24 at amino acid position 306. was digested with Kpnl and Sail prior to 
transformation. 

CaKRE5, CaALRI, and CaCDC24 disruption plasmids were 
digested as described above, and transformed into C, albicans strain CAI" 4 
using the lithium acetate method. Transformants were selected as Ura+ 
prototrophs on YNB + Casa plates. Heterozygous disruptants were identrfied 
by PCR (data not shown), verified by Southern blot (see below), and prepared 
for a second round of gene disruption by selecting for 5-FOA resistance. To 
assess the null phenotype of each gene, a second round of transformers 
using heterozygous CaKRES/cakreS, CaALRI/caalrt , and CaCDC24/cacdc24 
ura3- strains were performed as outlined above. 

Correct integration of the hisG-CaURA3-hisG module into 
CaKRES, CaALRI, and CaCDC24 and CaURA3 excision from heterozygous 
strains was verified by Southern blot analysis using the following probes: 
(1a) a 1.25 kb Xbal-Kpn1 fragment digested from 
P CaKRE5 containing N-terminal coding sequence of CaKRE5; 

(1b) a 1.7 kb PCR product containing coding sequence 

from amino acid 404 and 3' flanking sequences of CaALRI; 

(1c) a 778 bp PCR product containing CaCDC24 coding 

sequence from amino acids 1 54-430; 

(2) a 783 bp PCR product which contains the entire 

CaURA3 coding region; 
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(3) a 898bp PCR product encompassing the entire 
Sa/mone//a typhimurium hisG gene. Genomic DNA from CaKRE5-disrupted 
strains were digested with Hindlll and EcoR1 was used to digest genomic DNA 
from CaALRI and CaCDC24-disrupted strains. 

Results 

Southern blot analysis revealed that the 
C akre5- hisG-CaURA3-hisG disruption fragment integrated precisely into the 
wild type locus (Fig. 4B) after the first round of transformations. Both a 5.0 
kb wild type band and a 9.0 kb band diagnostic of the CaKRE*<iisrupted allele 
were detected using the CaKRES probe (Fig. 4B). The 9.0 kb band was also 
detected with both the hisG and CaURA3 probes, confirming disrupt.on of the 
first CaKREScopy. Successful excision of the CaURA3 gene by growth on 
5-FOA was validated by 1) a predicted shift in size of the CaKRE5 disruption 
fragment from 9.0 kb to 6.0 kb when probed with either CaKRES or hisG probes; 
and 2) the inability of the CaURA3 probe to recognize this fragment and the 
resulting strain having reverted to ura3- prototrophy. 

To determine whether CaKRES is essential, the 
transformation was repeated in two independently-derived 
CaKRE5/cakre5::hisG, ura3-/ura3- heterozygote strains. A total of 36 Ura+ 
colonies (24 small and 12 large colonies after 3 days of growth) were analyzed 
by PCR using oligonucleotides which amplify a 2.5 kb wild-type fragment that 
spans the BamHI and Bglll sites bordering the disrupted region. All colonies were 
shown to contain this 2.5 kb wild-type fragment but to lack the 2.8 kb 
cakreSr.hisG allele, consistent with the cakre5::hisG-CaURA3-hisG module 
integrating at the disrupted locus. Southern blot analysis using the 3 different 
probes independently confirmed 4 such Ura+ transformants as bona fide 
CaKRE5/cakre5::hisG-CaURA3-hisGhe\erozyQoies. If disruption of both copies 
of the gene was not essential, then 50% of the recovered disruptants would be 
expected to integrate into the CaKRES locus, giving 50% homologous and 50% 
heterozygous disruptants. This is the case, for example, when disrupting the 
second wild-type allele of CaKREL Indeed, CaKREI was shown not to be 
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essential in C. albicans by this disruption method, since an equal number of 
heterozygous and homozygous strains resulted from this second round of 
transformations (data not shown). However, the absence of any homozygous 
CaKRE5 disrupted transformants being detected among the 36 Ura+ 
transformants analyzed in this experiment demonstrates that CaKRE5 is an 
essential C. albicans gene. It further validates CaKRE5 and its gene product as 
a therapeutic target for drug discovery in this pathogen. 

CaALRI 

Southern blot analysis of CaALRI first round transformants 
confirmed correct integration of the caalrt::hisG-CaURA3-hisG disruption 
module as judged by an appropriately sized disruption band of 5.7 kb, and 
a wild-type fragment predicted to be >9.0 kb detected by the CaALRI probe (Fig 
4D) This 5 7 kb band was also detected with both the hisG and CaURA3 
probes, confirming disruption of one copy of CaALRI. Southern blotting 
confirmed excision of the CaURA3 gene by growth on 5-FOA as the CaALRI 
probe detected an expected 5.0 kb fragment due to the absence of CaURA3. 
Moreover, this 5 kb caalrr.hisG band was also detected using the hisG probe 
but not with the CaURA3 probe (Fig. 4D). 

Determination of the CaALRI null phenotype was 
performed as described for CaKRES. However, as it has been reported that the 
inviability of the ALR1 null mutation in S. cerevisiae can be partially suppressed 
by supplementing the medium with MgCI 2 . Thus, the second transformation 
was performed by selecting for Ura + colonies on 500mM MgCI 2 -containing 
medium as well as on standard Casa plates. 35+ colonies of various size (22 
of which were isolated from MgCI 2 -supplemented plates) were analyzed by PCR 
to confirm caalrl ::hisG-CaURA3-hisG integration. The second allele from each 
of these 35 transformants was determined to be wild-type by PCR using 
oligonucleotides that span the insertion and produce a wild-type 1 .6 kb product 
as opposed to the larger 1.75 kb product of the caalr.:hisG allele. Southern blot 
analysis using the 3 different probes independently confirmed 4 such Ura+ 
transformants as CaALR1/caalr1::hisG-CaURA3-hisG heterozygotes. This 



AMENDED SHEET 



-40- 



inabilityto identify any homozygous CaALRI disrupted transformant among 
the 35 lira* colonies analyzed, experimentally demonstrates that CaALRI is an 
essential C. albicans gene and validates the CaALRI gene product as a 
therapeutic target for drug discovery against this pathogen. 

CaCDC24 

Southern blot analysis of CaCDC24 first round 
transformants using the CaCDC24 gene probe confirmed the correct integration 
of the cacdc24::hisG-CaURA3-hisG insertion fragment as both 2.55 kb and 3.7 
kb fragments, which are diagnostic of the insertiona.al.ele, were detected .n 
addrtion to the 2.2 kb wild-type CaCDC24 fragment (Fig. 4F). Moreover, both 
2 55 kb and 3.7 kb fragments were detected using CaURAS and hisG probes. 
Excision of CaURA3 from the resu.ting heterozygote was verified by: 1) 
detecting a sing.e 3.3 kb fragment unique to 5-FOA resistant colonies using tine 
CaCDC24 or nisG probes; and 2) the failure to detect this band us,ng the 

CaURA3 probe (Fig. 4F). 

As previously, a second round of transformations us.ng the 
above described CaCDC24 heterozygote was performed. 28 + colonies of 
various size were ana.yzed by PGR to confirm cacc*c24::nisG-CaURA3- h ,sG 
integration. The second aHe.e from each of these 28 transformants was 
determined to be wild-type by PGR using oligonucleotides which span the 
insertion and produce a wi.d-type 0.5 kb product rather than the 1.6 kb product 
of the caa,r:NsG allele. Southern blot ana.ysis using the 3 different probes 
independently confirmed 4 such Ura + transformants as 
CaCDC24/cacdc24::NsG-CaURA3- h isG heterozygotes. The inability to .dentrfy 
a homozygous CaCDC24 disrupted transformant among these 28 Ura + 
colonies analyzed, again demonstrates that CaCDC24 is an essential C. albvans 
gene and is therefore a third validated drug target suitable for drug discovery 

against this pathogen. 

The present invention is illustrated in further deta.l by the 

following non-limiting examples. 
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EXAMPLE 1 

In vivo Screening Methods for Specific Antifungal Agents 

Having now validated CaKRE5, CaALRI and CaCDC24 as 
drug targets in Candida albicans, heterologous expression of CaKRE5, CaALRI, 
or CaCDC24 in S.cerevisiae kre5, alrt and cdc24 mutants respectively, allows 
replacement of the S. cerevisiae gene with that of its C. albicans counterpart 
and thus permits screening for specific inhibitors to this bona fide drug target .n 
a S.cerevisiae background where the additional experimental tractabrlity of the 
organism permits additional sophistication in screen development. For example, 
drugs which block CaKre5p in S. cerevisiae confer K1 killer toxin resistance, and 
this phenotype can be used to screen for such compounds. In a part.cular 
embodiment, CaKRES can be genetically modified to function in S. cerevis,ae by 
replacing its promoter sequence with any strong constitutive S, cerevmae 
promoters (e.g. GAL10, ACT1, ADH1). As C. albicans utilizes an altered genettc 
code in which the standard leucine-CTG codon is translated as serine, all four 
codons (or any functional subset thereof) could be modified by site-directed 
mutagenesis to encode serine residues when expressed in S. cerevi S ,ae. 
Compounds that impair CaKre5p activity in S. cerevisiae may be screened us.ng 
a K1 killer toxin sensitivity assay. Similarly, compounds could be screened wh.ch 
inactivate heterologously-expressed CaCDC24 and consequently disrupt rts 
association with Rsrlp or Cdc42p in a two hybrid assay. Alternately, 
CaCDC24 function could be monitored in a screen for compounds able to 
disrupt pseudohyphal formation in a CaCDC24-dependent manner. A whole cell 
drug screening assay based on CaALRI function could sim.larly be 
envisaged. For example, CaAL^ependent influx of *C0 2+ in a S. cemv/s/ae 
alrl mutant suppressed by supplementary Mg 2+ could be monitored to identify 
compounds which specifically block the import of divalent cations. 
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EXAMPLE II 

In vitro Screening Methods for Specific Antifungal Agents 

1. i isft of an in vitro assay to synthesize B-(1 ,6)-qlucan. 

In such an assay the incorporation of labelled glucose 
5 from UDP-glucose into a product that can be immunoprecipitated or 
immobilized with p-(1 ,6H}lucan antibodies is measured. The specificity of this 
synthesis can be established by showing its dependence on CaKre5p, and 
its digestion with p-(1,6)-glucanase. 

Drugs which block this in vitro synthesis reaction, block p- 
,0 (1,6)-glucan synthesis and are candidates for antifungal drugs, some may 
inhibit Kre5p, others may inhibit other steps in the synthesis of this polymer. 

2. t )se of a specific in vitro assay fo r CaKre5p. 

CaKre5p has arhino-acid sequence similarities to 
UDP-glucose glycoprotein glucosyltransferases (4). The CaKreSp protein can 
1 5 be heterogeneously expressed and/or purified from Candida albicans and an in 
vitro assay devised by adding purified GPI-anchored cell wall proteins known to 
normally contain p-(1 ,6)-glucan linkages in a KRE5 wild-type background but 
absent in KreS deleted extracts. Such acceptor substrates could be obtained 
from available S. cerevisiae kre5 null extracts suppressed by second site 
20 mutations or conditional kre5 strains (e.g. under control of a regulable promoter 
or temperature sensitive mutation). CaKreSp dependent protein glycosylate is 
measured as radiolabeled incorporation of UDP-glucose into the acceptor 
substrate purified from the kre5 null extract. Alternatively, it is possible to screen 
for compounds that bind to immobilized CaKreSp. For example, scintillation 
25 proximity assays (SPA) could be developed in high throughput format to detect 
compounds which disrupt binding between CaKreSp and radiolabeled UDP- 
glucose. Alternatively, a SPA-based CaKreSP in vitro screen may be employed 
using a labelled antibody to CaKreSp and screening for compounds able to 
disrupt the CaKre5p:antiCaKre5p antibody dependent fluorescence. 
30 Compounds identified in such screens serve as lead compounds in the 
development of novel antifungal therapeutics. 
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CDC24 has been biochemically demonstrated to encode a 
GDP-GTP nucleotide exchange factor (GEF) required to convert Cdc42p to a 
GTP-bound state. An in vitro assay to measure CaCdc24p-dependent 
activation of Cdc42p could be used to screen for inhibitors of CaCdc24p. This 
could be accomplished by directly measuring the percentage of GTP versus 
GDP bound by Cdc42p. Alternatively, Cdc24p function could be determined 
indirectly by measuring Cdc42p-GTP dependent activation of Ste20p kinase 
activity. 

EXAMPLE III 

The use of CaALRI, CaKRES, and CaCDC24 In PCR-based diagnosis of 

fungal infection 

Polymerase chain reaction (PCR) based assays provide a 

number of advantages over traditional serological testing methodologies in 
diagnosing fungal infection. Issues of epidemiology, fungal resistance, 
reliability, sensitivity, speed, and strain identification are limited by the spectrum 
of primers and probes available. The CaKRES, CaALRI, and CaCDC24 gene 
sequences enable the design of novel primers of potential clinical use. In 
addition, as CaAlrlp is thought to localize to the plasma membrane and 
extend out into the periplasmic space/cell wall, this extracellular domain 
could act as a serological antigen to which antibodies could be raised and 
used in serological diagnostic assays. 

EXAMPLE IV 

Plasmid-based reporter constructs which measure Kre5p, AIMp, or 

Cdc24p inactivation 

Transcriptional profiling of kre5, alrl, and cdc24 mutants in 
S. cerevisiae could identify genes which are transcriptionally induced or 
repressed specifically under conditions of KRE5, ALRL or CDC24 inactivation 
or overproduction. The identification of promoter elements from genes 
responsive to the loss of KRE5, ALR1, or CDC24 activity offers practical 
utility in drug screening assays to identify compounds which specifically 
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inactivate these targets. For example, a chimeric reporter gene (eg. lacZ, GFP.) 
whose expression would be either induced or repressed by such a promoter 
would reflect activity of Kre5p. and could be used for high-throughput screening 
of compound libraries. Further, a group of promoters showing such regulated 
expression would allow a specific fingerprint or transcriptional profile to be built 
for the inhibition or overproduction of the ALR1, CDC24, or KRE5 genes. This 
would allow a reporter set to be constructed that could be used for 
high-throughput screening of compound libraries giving a specific tool for 
screening compounds which inhibit these gene products. 



CONCLUSION 

The aim of the present invention is to provide the identification 
and subsequent validation of novel drug targets that can be used in specific 
enzymatic and cellular assays leading to the discovery of new clinically useful 

15 antifungal compounds. Although KRE5, ALR1 and CDC24 have previously been 
identified in the baker's yeast, S. cerevisiae, prior to the present invention, it was 
unknown whether orthologous genes would be identified in the human pathogen 
C. albicans, or whether should they exist, these genes would perform identical 
or similar functions. The CaKRE5, CaALRI and CaCDC24 genes from C. 

20 albicans have thus been identified and their utility has been validated as novel 
antifungal drug targets by experimentally demonstrating their essential nature by 
gene disruption directly in the pathogen. Although the precise role of these gene 
products remains to be determined, the current understanding of their cellular 
functions does enable both in vitro and in vivo antifungal drug screening assay 

25 development. Furthermore, and of importance clinically, genome database 
searches fail to detect significant homology to these genes in metazoans, 
suggesting that screening for compounds which inactivate these 
fungal-specific drug targets are less likely to display toxicity to mammals and 
particularly to humans. KRE5 and CDC24 are unique genes in S. cerevisiae 

30 and irrespective of their inclusion in gene families in C. albicans, they retain an 
essential function. ALR1p1 is part of a 3 member gene family in S. cerevisiae, 
and sequence similarity to ALR2p has been identified (Stanford Sequencing 



AMENDED SHEET 



• 

-45- 



Project), however the essential role of CaALRIp in C. albicans and their 
predicted extracellular location offers the potential to screen for novel 
antifungal compounds which need not enter the cell, circumventing issues of 
compound delivery and drug resistance. 
5 Thus, the present invention provides the identification of 

CaKRE5, CaALRI, and CaCDC24 as essential in Candida albicans and as 
fungal-specific validated drug antifungal targets. The present invention also 
provides the means to use these validated targets to screen for antifungal drugs 
to Mycota in general and more particularly to a pathogenic yeast such as 

1 0 Candida albicans. Thus, the present invention extends in a non-obvious way the 
use of these genes in a pathogenic fungal species, as targets for screening for 
drugs specifically directed against fungal pathogens. 

Although the present invention has been described 
hereinabove by way of preferred embodiments thereof, it can be modified, 

15 without departing from the spirit and nature of the subject invention as defined 
in the appended claims. 
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WHAT IS CLAIMED IS: 

1 . An isolated nucleic acid comprising a nucleotide sequence 
encoding any of the amino acid sequences selected from the group consisting of 

5 SEQ ID NOs:2, 4 and 6, or the full complement thereof. 

2. An isolated nucleic acid comprising a nucleotide sequence 
that hybridizes under high stringency conditions over substantially the entire 
length of any isolated nucleic acid encoding an amino acid sequence selected 

10 from the group consisting of SEQ ID NOs:2, 4 and 6, or the full complement 
thereof. 

3. An isolated nucleic acid comprising a nucleic acid sequence 
having at least 70% identity over at least one sequence window of 48 nucleotides 

1 5 with any isolated nucleic acid encoding an amino acid sequence selected from the 
group consisting of SEQ ID NOs:2, 4 and 6, or the full complement thereof. 

4. The isolated nucleic acid of one of claims 1 , 2 or 3, wherein 
the sequence of CaKRES is as set forth in SEQ ID NO:1. 

20 

5. The isolated nucleic acid of one of claims 1 , 2 or 3, wherein 
the sequence of CaALRI is as set forth in SEQ ID NO:3. 

6. The isolated nucleic acid of one of claims 1 , 2 or 3, wherein 
25 the sequence of CaCDC24 is as set forth in SEQ ID NO:5. 

7. A method of selecting a compound that modulates the 
activity of a protein encoded by the CaKRES of claim 1, 2, 3 or 4 comprising: 

a) incubating a candidate compound with said protein; and 
30 b) determining the activity of said protein in the presence of said 

candidate compound, 
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wherein a potential drug is selected when the activity of said 
protein in the presence of said candidate compound is measurably different than 
in the absence thereof. 

5 8. A method of selecting a compound that modulates the 

activity of a protein encoded by the CaALRI of claim 1 . 2, 3 or 5 comprising: 

a) incubating a candidate compound with said protein; and 

b) determining the activity of said protein in the presence of said 

candidate compound, 
10 wherein a potential drug is selected when the activity of said 

protein in the presence of said candidate compound is measurably different than 
in the absence thereof. 

9. A method of selecting a compound that modulates the 
1 5 activity of a protein encoded by the CaCDC24 of claim 1 . 2, 3 or 6 comprising: 

a) incubating a candidate compound with said protein; and 

b) determining the activity of said protein in the presence of said 

candidate compound, 

wherein a potential drug is selected when the activity of said 
20 protein in the presence of said candidate compound is measurably different than 
in the absence thereof. 

10. An isolated nucleic acid molecule consisting of 10 to 50 
nucleotides which specifically hybridizes to the nucleic acid of claim 1 to 6. 

25 wherein said nucleic acid molecule is or is complementary to a nucleotide 
sequence consisting of at least 10 consecutive nucleotides from said nucleic acid 
sequence set forth in SEQ ID NOs:1, 3 or 5. 

11. A method of detecting CaKRE5, CaALRI or CaCDC24 in 
30 a sample comprising: 
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19. A method of screening for a compound having antifungal 
activity through an interaction with a protein selected from CaKRE5, CaALRI and 

CaCDC24 comprising: 

a) incubating a candidate compound with said protein; and 
5 b) determining one of the activity of said protein or of an assayable 

or observable property associated with a biological function of said protein in the 
presence of said candidate compound, 

wherein a potential antifungal drug is selected when the activity or 
assayable or observable property of said protein in the presence of said candidate 
1 0 compound is measurably different than in the absence thereof. 

20. The method of claim 19, wherein said antifungal activity is 
effective against a fungi selected from Candida albicans, Aspergillus fumigatus, 
Aspergillus flavus, Aspergillus niger, Coccidiodes immitis, Cryptococcus 

15 neofotmans, Exophiala dermatitidis, Histoplsma capsulatum, Dermtophytes spp., 
Microsporum spp., Tricophyton spp., Phytophthora infestans, and Puccinia sorghi. 

21. The purified CaKRES polypeptide of claim 12, having the 
amino acid sequence set forth in SEQ ID NO:2. 

20 

22. The purified CaALRI polypeptide of claim 13, having the 
amino acid sequence set forth in SEQ ID NO:4. 

23. The purified CaCDC24 polypeptide of claim 14, having the 
25 amino acid sequence set forth in SEQ ID NO:6. 

24. The method of claim 1 9 or 20, wherein an in vitro assay is 

used. 

30 25. The method of claim 1 9 or 20, wherein a cell-based assay 

is used. 
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The letter will not be published with the international application and the amended claims^ « should I not be 
confused with the -Statement under Article 1 9(1 )" (see below, under "Statement under Article 19(1)-). 

The letter must be In English or French, at the choice of the applicant. However, If the language of »ie 
m^erna\ten^ application Is English, the letter must be In English; If the language of the International application 
is French, the letter must be In French. 
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particular, indicate, in connection with each claim appearing in the international application (it being understood 
that identical indications concerning several claims may be grouped),whether 

(i) the claim is unchanged; 

(H) the claim is cancelled; 

(iii) the claim "is new; 

(iv) the claim replaces one or more claims as filed; 

(v) the claim is the result of the division of a claim as filed. 

The following examples Illustrate the manner in which amendments must be explained in the 
accompanying letter: 

1 [Where originally there were 48 claims and after amendment of some claims there are 51 J: 

■Claims 1 to 29,31,32, 34, 35, 37 to 46 replaced by amended claims bearing the same numbers; 
claims 30, 33 and 36 unchanged; new claims 49 to 51 added." 

2. (Where originally there were 1 5 claims and after amendment of ail claims there are 11 ]: 
"Claims 1 to 15 replaced by amended claims 1 to 1 1 ." 

3. [Where originally there were 1 4 claims and the amendments consist in cancelling some claims and in adding 

•CUimsTto 6 and 14 unchanged; claims7 to 13 cancelled; new claims 15, 16 and 17 added* or 
•Claims 7 to 13 cancelled; new claims 15, 16 and 17 added; an other claims unchanged. 

4 tWhere various kinds of amendments are made]: . . 

-Claims 1-10 unchanged; claims 1 1 to 13, 18 and 19 cancelled; claims 1 4, 15 and 16 replaced by amended 
claim 1 4; claim 17 subdivided into amended claims 15, 1 6 and 17; new claims 20 and 21 added. 

-Statement under article 19(1)" (Rule 46.4) 

The amendments may be accompanied by a statement explaining the am^ments^indca^ar^pact 
that such amendments might have on the description and the drawings (which cannot be amended untfer 
Article 19(1)). 

The statement will be published with the international application and the amended claims. 
It must be In the language In which the International application Is to be published. 

It must be brief, not exceeding 500 words if in English or if translated into English. 

It should not be confused with and does not replace the letter indicating theo^rences between Reclaims 
as filed and as amended. It must be filed on a separate sheet and must be identified as such by a heading, 
preferably by using the words "Statement under Article 19(1)." 

It may not contain any disparaging comments on the international search report or the releva nee fattens 
contained in that report. Reference to citations, relevant to a given claim, contained in the international search 
report may be made only in connection with an amendment of that claim. 

Consequence H a demand lor international preliminary examination has already been filed 

If, at the time of filing any amendments under Article 1 9, a demand for international ^ , ^ in ^ x ^ i ^°" m 
has already been submitted, the applicant must preferably, at the same time of filing the amendments with the 
International Bureau, also file a copy of such amendments with the International Preliminary Examining 
Authority (see Rule 62.2(a), first sentence). 

Consequence with regard to translation of the International application for entry Into the national phase 

The applicant's attention is drawn to the fact that, where upon entry into the national phase a translation of the 
daimsaa amended under Article 19 may have to be furnished to the designated/elected Offices, instead of, or 
in addition to, the translation of the claims as filed. 

For further details on the requirements of each designated/elected Office, see Volume II of the PCT Applicant's 
Guide. 
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5 

FIELD OF THE INVENTION 

The present invention relates to the identification of novel 
essential fungal specific genes isolated in the yeast pathogen, Candida albicans 
and to their structural and functional relatedness to their Sacharomyces 
10 cerevisiae counterparts. More specifically the invention relates to the use of 
these novel essential fungal specific genes in fungal diagnosis and antifungal 
drug discovery. 

BACKGROUND OF THE INVENTION 

15 Opportunistic fungi, including Candida albicans, Aspergillus 

fumigatus, Cryptococcus neoformans, and Pneumocystis carinii t are a rapidly 
emerging class of microbial pathogens, which cause systemic fungal infection 
or "mycosis" in patients whose immune system is weakened. Candida spp. rank 
as the predominant genus of fungal pathogens, accounting for approx. 8% of 

20 all bloodstream infections in hospitals today. Alarmingly, the incidence of 
life-theatening C. albicans infections or "candidiasis" have risen sharply over 
the last two decades, and ironically, the single greatest contributing factor to 
the prevalence of mycosis in hospitals today is modern medicine itself. 
Standard medical practices such as organ transplantation, 

25 chemotherapy and radiation therapy, suppress the immune system and mate 
patients highly susceptible to fungal infection. Modern diseases, most 
notoriously, AIDS, also contribute to this growing occurrence of fungal infection 
In fact, Pneumocystis carinii infection is the number one cause of mortality for 
AIDS victims. Treatment of fungal infection is hampered by the lackof safe 

30 and effective antifungal drugs. Antinrycotic compounds used today; namely 
polyenes (amphotericin B) and azole-based derivatives (fluconazole), are of 
limited efficacy due to the nonspecific toxicity of the former and emmerging 
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DESCRIPTION OF THE PREFERRED EMBODIMENT 

Three C. albicans genes whose gene products are 
homologous to those encoded by the essential genes KRE5, CDC24, and ALR1 
from S. cerevisiae were identified. These genes participate in essential cellular 
functions of cell wall biosythesis, polarized growth, and divalent cationtransport, 
respectively. Disruption of these genes in C. albicans experimentally 
demonstrates their essential role in this pathogenic yeast. Database searches 
fail to identify clear homologous counterparts in Caenorhabditis elegans, mouse 
and H. sapiens genomes, supporting the utility of these genes as novel 
antifungal targets. 

Full length clones of CaKRE5, CaCDC24 and CaALRI using 
available fragments of C. albicans DNA were isolated by Polymerase Chain 
Reaction (PCR) to amplify genomic DNA derived from C. albicans strain 
SC5314. The PCR products were radiolabeled and used to probe the C. 
albicans genomic library by colony hybridization. DNA sequencing revealed 
complete open reading frames of CaKRE5, CaCDC24 and CaALRI sharing 
statistically significant homology to their S. cerevisiae counterparts namely 
KRE5, CDC24 and ALR1 all of which have met several criteria expected for 
potential antifungal drug targets. 

Disruption of CaKRE5, CaCDC24 and CaALRI was 
performed. The disruption plasmids were digested and transformed into C. 
albicans strain CA14. Southern blot analysis confirmed that the afoementioned 
genes are essential in C. albicans. 

CaKRE5, CaCDC24 and CaALRI were used in antifungal 
screening assays which confirmed their potential to screen for novel antifungal 
compounds. 

KRE5 

The C. albicans KRE5 gene meets several criteria expected 
for a potential antifungal drug target. InS. cerevisiae. deletion of KRE5 confers 
a lethal phenotype (2). Although KR£5-deleted cells are known to be viable in 
one particular strain background, they are extremely slow growing and 
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spontaneous extragenic suppressors are required to propagate kre5null cells 
under laboratory conditions. Genetic analyses suggest that KRE5, together 
with a number of additional KRE genes (e.g. KRE9) participate in the in vivo 
synthesis of p-(1,6)-gfucan. 0-(1,6)-glucan covalently cross-links or "glues- 
other cell surface constituents, namely P-(1 ,3)-glucan, mannan, and chitin into 
the final wall structure and has been shown to be essential for viability in both 
S. cerevisiae and C. albicans (1,2 and references therein). Importantly, 
p-(1,6)-glucan has been demonstrated to exist in a number of additional funga 1 
classes including other yeast and filamentous Ascomycetes, Basidiomycetes, 
Zygomycetes and Oomycetes, emphasizing the likelihood that gene products 
functioning in the p-(1 ,6)-g»ucan biosynthetic pathway could serve as broad 
spectrum drug targets. Moreover, experimental efforts have failed to detect 
p-(1,6)-glucan in higher eukaryotes, suggesting that inhibitory compounds 
identified to act against CaKre5p would likely display a minimal toxicity to 
mammalian and more particularly to humans. Having now shown that CaKRE5 
is essential C. albicans, and knowing that KRE5 is also essential in S. cerevisiae, 
two yeasts which have significantly diverged evolutionary, strongly suggest that 
KRE5 is a target for antifungal drug screening and diagnose in a wide variety of 
fungi, including animal- and plant-infesting fungi. 

Consistent with a role in (3-(1 ,6)-glucan biosynthesis, in vivo 
levels of this polymer are reduced substantially in kre 5- 1 cells versus an 
isogenic wild type strain, and are completely absent in several 
independently-suppressed kre5 null strains (2). In addition, kre5 mutants 
show a number of genetic interactions with KRE6. another gene involved in 
p-(1,6)-glucan assembly. Although the biochemistry of p-(1.6)-glucan synthesis 
remains poorly understood, recent studies demonstrate that cell wall 
mannoproteins are extensively glucosylated through p-(1 ,6) linkages and 
that this modification plays a central role in their anchorage within the 
extracellular matrix. Kre5p plays a critical role in this process as Cwplp. an 
abundent cell wall protein which is demonstrated to be highly glucosyated 
through p-(1.6)-glucan addition, is undetected in the cell wall fraction of kre5null 
cells, and instead secreted into the medium. 
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The predicted KRE5 gene product offers only limited insight > 
into apossibiebiochemicaiactivityreiatedfop-d.^-glucanproduction. KRH . 
encodes a large secretory protein containing both an N-.ern*a, signal peptide 
and C-.ernrina.HDEL retention signal for localization to the endoplasmic 
reticulum Interestingly. KreSp has limited but significant homology to 
UDP .g, U cose:glycopro,e,n glycosyltransferases (UGGT), an enzyme Cass 
participating in the "gualUy contro," o, protein folding. Such 
function to "tag" refolded ER proteins by reglucosylauon of N-linked 
C,c NA c2Man9 core oligosaccharide structures present on misfoided protein, 
Pro ,eins labelled in this way are substrates for IheER chaperonin. calnexrn 
which facilltafes refolding o, the misfolded protein. However, gene,, 
analysesto addressthe relative i„vo,vemen,o,Kre5 P in glucosylabon-depend n 

"otln folding and — ** ™ " 

Lciono.K re 5pisun,e,a.ed.opro.ein.old,ng.andins,ead relates to • . rob 

in p . (1 .6)-glucan polymer biosynthesis (3). Although a -emams , be 
aemonsuatedbiocbemicaily. KreSp homology to 
reflects its role in the early biosynthesis of this polymer. 



ALR1 



The product of the C. albicans gene. CaALRf, else meets 
severa , critena characteristic o, a suitable antifungal drug target In S 
cerewsrae. ALR1 is essentia, for cel, viability, although this essent, l,.y . 

pressed under growth conditions contain.ng non-physio,ogica„y,e,evan^ 
,evl o. supplementary Mtf». ALR1 encodes a 922 amino acid protein 
25 containing a highly charged H-termina, domain and two hydrophobic 
C minal Jons predicted to serve as membrane spanning domains 

Coring the protein a, ^^"^^^^Z 
remains to be directly demonstrated, deposrtion to the cet, sudace makes 
Z an attractive drug target in terms o, both bioavailability and res.stance 
30 lues AlrtP shares sudstanUal homology to two additional S. c— 
lelns. Alr2p ,70% rdentity, and Ykl064p ,34% identity,. Both Alrtp 
snare limited similarity to CorA. a Salmonella typhirnunumfpenplasm.c 
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membrane protein involved in divalent cation transport. Mammalian 

homologues to ALR1 have not been detected despite extensive homology , 

searches in metazoan databases (data not shown). 

Although ALR1 was identified in a screen for genes that 

confer increased tolerance to AT> when overexpressed. biochemical analyses 
support a role for ALR1 in the uptake system for Mg' 2 and possibily other 
divalant cations. Mg" is an essential requirement for bacterial and yeast 
growth. Uptake of radiolabeled Co", an analog of Mg" for uptake assays, 
correlates with ALR1 activity. 

CDC24 

A third potential antifungal drug target is the product of the 
C a/fa/cans gene, CaCDC24. CDC24 is essential for viability in both S. 
cerevisiae and S. pombe (5). CDC24 has been biochemically 
demonstrated to encode GDP-GTP nucleotide exchange factor (GEF) 
activity towards Cdc42p, a Rac/Rho-type GTPase involved in polarization of 
the actin cytoskeleton. Conditional alleles of CDC24 shifted to the 
nonpermisive temperature lack a polarized distibution of actin. and 
consequentially form large, spherical, unbudded cells in which the normal 
polarized deposition of cell wall materia, is disrupted. Eventually. cdc24 
mutants lyse at the restrictive temperature. CDC24-dependent activation of 
CDC42 is also required for the activation of the pheromone response s.gnal 
transduction pathway during mating, and likely participates in the activation of 
this pathway under conditions that promote pseudohyphal development, since 
a downstream effector of CDC42. STE20. is requ.redfor hyphal formation. Thus 
CDC24 regulates cell wall assembly and the yeast-hyphal dimorphic transrt.on. 
both key cellular processes and targets being actively pursued in antifungal drug 

screens. t 
Cdc24p localizes to the cell cortex concentrating at sites o. 

polarized growth and interacts physically with a number of proteins ,nclud,ng 
Cdc42 P Bemlp, and the heterotrimeric G protein (3 and y subunits encoded 
by STE4 and STEW respectively. Cdc24p shares 24% overall identity to fe 
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S pombe counterpart. Scdtp. Similar homology has na, been found ,n 
m amma,ian database pratein searches. alfhough Cdc24p does possess m ed 
homology to a deraain a. the human exchange pratern. dbl. and con a.nsa 
pleckstrinhomotogy domain, common to several mammalian protein cfcsse, 

5 ,„ contrast to Cdc24p. which has timited homotogy outside of fang,, Cdo42p 
shares 80-85% ident«y to mammaiian prateins.The fungal-specifiC character of 
CDC24 may be due ,0 its rate in hallmark funga, processes like bud format^ 
pseudohypha, growth, and projection formation during mating, whereas CDC2 
performs highly conserved functions .namely actin polymerization and s,gnat 

10 transduction) common to all eukaryotes. 

Isolation of CaKRES, CaCDC24, and CaALRL 

To isolate full length clones of CaKRES. CaCDC24. and 
CaALRi. oligonucleofk-es were designed according to 
15 fragments o, C. a/bfcaas DNA sequence. Polymerase cha.n react,* (PCR) 

, • PAKRF5 1/CAKRE5 2 CaCDC24.1/CaCDC24.2, 
using oligonucleotide pa.rs CAKRE5.1/CAKKnb.A 

and CaALR1.1/CaALR1.2 to amplify genomic DNA denved from C leans 
strain SC5314 yielded 574, 299. and 379 ^^^^^ 
products were Radiolabeled and used to probe a YE P 352-based 
20 albicans genomic library by colony hybridization. 
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Sequence Information 

DNA sequencing of two independent isolates representing 

putative CaKRES and CaALRI clones teveaied complete open reading 
Lmes ,orf> sharing statistically significant homology to thei, S. — 
counterparts (Figs. f. 2). DNA seguencing o, multiple isolates *C*»C* 
sealed an orf containing strong identity to CDC*, bu, pre ,c e ,0 be 
tru „ca,ed a, its 3' end The 3' end of CaCDC2< was .scHated by PCR 
amplification us,ng one oligonucleotide designed from ,,s most 3 seguen e an, 
, second oligonucleotide -^..^^Po^^ 
amplification o, CaCDC24 C-termina, encoding fragments trom «h,s rC *»» 
genomic library. Subcloning and DNA sequencing 1 .0 kb PCR product 
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completes the CaCDC24 open reading frame and reveals its gene product 
to share strong homology to both Cdc24p and Scd1 P (Fig. 3). 

CaKRES 

Sequence analysis reveals CaKRES and KRE5 are 
predicted to encode similarly-sized proteins (1447 vs 1365 amino acids; 166 vs 
156 kDA) sharing significant homology throughout their predicted prote.n 
sequences (22% identity. 42% similarity; see Fig. 1). Moreover. likeKRES. 
CaKRE5 is predicted to possess an amino-terminal signal peptide required for 
translocation into the secretory pathway, and a C-termina, HDEL sequence 
which facilitates the retention of soluble secretory proteins within the 
endoplasmic reticulum (ER). Although CaKreSp is more homologous to S. 
pombe and metazoan UGGT proteins throughout its C-termina! UGGT homology 
domain than toKreSp, CaKre5 P and Kre5p. are moe related to each other 
over their remaining sequence (approx. 1100 amino acids). This un.que 
homology between the two proteins as well as a similar null phenotypes 
(see below) suggest that CaKRE5 likely serves as the KRE5 counterpart in C. 
albicans. 



20 CaALRI . 

CaALRI encodes a 922 amino acid residue prote.n shar.ng 

strong identity to both^LR7 (1.0e-180) and ALR2 (1.0e-179; see Fig.2). Like 
these proteins. Ca*LR7 possesses a C-term.na. hydrophobic region wh.ch 
,ikely functions as two transmembrane anchoring domains. CaALRI shares 

25 only limited homology, however, to two high.y homologous regions common to 
ALR1 and ALR2: neither the N-terminal 250 am.no acids of CaALRI nor its last 
50 amino acids C-termina. the hydrophob.c domain share strong sim.lar.ty to 
ALR1 or ALR2 In addition. CaALRI possesses two unique sequence 
extentions within the CorA homology region <one 38 am.no ac.ds in length, the 

30 other 16 am.no ac.ds long) not found in either ALR1 or ALR2. Protein database 
searches identify a S.pombe hypothetical protein shanng strong homology to 
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CBALR1 (2.7-107). however no similarity to higher eukaryotic proteins were 
detected. 

CaCDC24 

Sequence analysis of the CaCDC24 gene product reveals 
extensive homology to both Cdc24p (1e-93> and Scdlp.romS. cerev/s/ae and 
S pombe respectively <2e-61. see Fig.3, throughout .heir entire open readtng 
fram es. Although MM similar*, exists between CaCdc24p (aid both Cdc24o 
andScdlp) and a iarge number o, me,a 2 oan proteins (opto 5e-1 8 ). meach 
case this homology is restricted.,. he nucleotide exchange domatn pred,c,ed 
to span amino acid residues 250-500. Ex«ensive analysis o. metazoan 
debases .ailed .0 identify s.nifican, homology ,0 e,,her .he N-lemtina, (amtno 
acid s 1-250) and C-.etminai (amino acids 500-844, regions o. CaCdc24p 
suggesting the CDC24 gene family is conserved exctusivety wifhin the fungal 
15 kingdom. 

Disruption of CaKRES. CaALRL and CaCDC24 

Pv pgriment al strategy 

Disruption of CaKR£5 was performed using .he 

20 AfsG-Ca^-hfaG ^-blaster cassette constructed by Fonzi and Irwin 
and standard molecuiar biology techn.gues (1. and references within)^ A 
ca/TO 5,b*G-CaURA3- W sG disruption plasm.d was cons.ruc.ed by delebng 
a 780bp BamH1-Bg,.l DMA .ragmen, from ,he library plasmid isolate. pCaKRES. 
and replacing i. with a 4.0 Kb BamHI-Bgtl, DNA fragmen, con.ain,ng the 
25 MMdHMM modu.e from pCUB-5. This CaKR£5 d,srup„on plasmtd . 
deleted o, DNA seguence encoding ammo acids 
encompasses approx. 50% of .he UGGT homology domain. This CaKReo 
d,srup.ion plasmid was then di 9 es«ed with Sph, poor .o .rans.ormahon. 

A CaALR. disruption allele was construc.ed by first 
subcloning a 7.0 Kp CaALRI BamHI-Sal, .ragmen. ,rom YEp352.,,brary iso.a.e 
oCaALRI in,o PBSK.H A 841 bp CaALRI Hindlll-Bgll. fragment was .he 
replaced wi,h a 4.0 kb/i,sG-CaL.RA3-b/sG DNA .ragmen, digested w,h Hindll 
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and BamHI from PBSK-hisG-CaURA3-hisG . TKsCaALRI disruption allele, 
which is lacking DNA sequences encoding amino acids 20-299. was digested 
using BamHI and Sail prior to transformation. 

A CaCDC24 insertion allele was constructed by first deleting 
a 0 9 kb Kpnl fragment from YEp352-library isolate P CaCDC24 to remove 
CBCDC24 upstream sequence containing BamHI and Bglll restriction sites 
which obstruct the insertion of the hisG-CaURA3-hisG module. The 4.0 kb 
BamHI-Bglll hisG-CaURA3-hisG fragment from pCUB-6 was then ligated into a 
unique Bglll site. The resulting plasmid possessing an insertion allele within 
CaCDC24 at amino acid position 306. was digested with Kpnl and Sail prior to 
transformation. 

CaKRE5, CaALRL and CaCDC24 disruption plasmids were 
digested as described above, and transformed into C. albicans strain Ca- 
using the lithium acetate method. Transformants were selected as Ura + 
prototrophs on YNB + Casa plates. Heterozygous disruptants were identified 
by PGR (data not shown), verified by Southern blot (see below), and prepared 
for a second round of gene disruption by selecting for 5-FOA resistance. To 
assess the null phenotype of each gene, a second round of transformers 
using heterozygous CaKRE5/ca/cre5. CaALR1/caa,r1, and CaCDC24/cac d c24 
ura3- strains were performed as outlined above. 

Correct integration of the hisG-CaURA3-hisG module into 
CaKRE5 CaALRL and CaCDC24 and CaURA3 excision from heterozygous 
strains was verified by Southern blot analysis using the following probes: 

(1a) a 1.25 kb Xbal-Kpn1 fragment digested from 
P CaKRE5 containing N-terminal coding sequence of CaKRE5, 

(1b) a 1.7 kb PCR product containing coding sequence 

from amino acid 404 and 3 1 flanking sequences of CaALRV. 

(1c) a 778 bp PCR product containing CaCDC24 coding 

sequence from amino acids 1 54-430: 

(2) a 783 bp PCR product which contains the entire 

CaURA3 coding region: 
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(3) a 898bp PCR product encompassing the entire 
Sa,mone„a typhimurlum h isG gene. Genomic DNA from CaKRES-disrupted 
strains were digested with Hindlll and EcoR1 was used to digest genom.c 
DNA from CaALRI and CaCDC24-disrupted strains. 

5 Results 

Southern blot analysis revealed that the 
C akre5-hisG-CaURA3-hisG disruption fragment integrated precisely into the 
wild type locus (Fig. 4B) after the first round of transformations. Both a 5.0 
Kb wild type band and a 9.0 kb band diagnostic of the CaKRE5-disrupted 
10 allele were detected using the CaKRE5 probe (Fig. 4B). The 9.0 kb band was 
also detected with both the hisG and CaURA3 probes, confirming disrupt.cn of 
the first CaKRES copy. Successful excision of the CaURAS gene by growth on 
5-FOA was validated by 1) a predicted shift in size of the CaKRES disruption 
fragment from 9.0 kb to 6.0 kb when probed with either CaKRES or h,sG 
15 probes; and 2) the inability of the CaURA3 probe to recognize this fragment 
and the resulting strain having reverted to ura3- prototrophy. 

To determine whether CaKRES is essential, the 
transformation was repeated in two independently-derived 
CaKRE5/cakre5::hisG, ura3-/ura3- heterozygote strains. A total of 36 Ura + 
20 colonies (24 small and 1 2 large colonies after 3 days of growth) were analyzed 
by PCR using oligonucleotides which amplify a 2.5 kb wild-type fragment that 
spans theBamHI and Bgl.l sites bordering the disrupted r eg.on. A., 
colonies were shown to contain this 2.5 kb wild-type fragment but to 
lack the 2 8 kb cakre5::hisG allele. consistent with the 
,5 cakre5"hisG-CaURA3-NsG module integrating at the disrupted locus. 
Southern blot analysis using the 3 different probes independently 
confirmed 4 such Ura + transformanis as bonaf.de CaKRE5/cakre5:: h ,sG- 
CaURA3-hisG heterozygotes. If disruption of both copies of the gene was 
not essential, then 50% of the recovered disruptants would be expected 
30 to intearate into the CaKREo locus, giv.ng 50% homologous and 50% 
heterozygous d,sruptants Th.s is the case, for example, when d.srupt.ng 
the second wild-type allele of CaKREL indeed. CaKREI was shown not to be 
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essential in C. albicans by this disruption method, since an equal number of 
heterozygous and homozygous strains resulted from this second round of 
transformations (data not shown). However, the absence of any homozygous' 
CaKRE5 disrupted transformants being detected among the 36 Ura+ 
5 transformants analyzed in this experiment demonstrates that CaKRE5 is an 
essential C. albicans gene. It further validates CaKRE5 and its gene product 
as a therapeutic target for drug discovery in this pathogen. 

CaALRI 

Southern blot analysis of CaALRI first round transformants 

10 confirmed correct integration of the caalr1::hisG-CaURA3-hisG disruption 
module as judged by an appropriately sized disruption band of 5.7 kb, and a 
wild-type fragment predicted to be >9.0 kb detected by the CaALRI probe 
(Fig. 4D). This 5.7 kb band was also detected with both then/sG and CaURA3 
probes, confirming disruption of one copy of CaALRI. Southern blotting 

15 confirmed excision of the CaURA3 gene by growth on 5-FOA as the CaALRI 
probe detected an expected 5.0 kb fragment due to theabsense of CaURA3. 
Moreover, this 5 kb caalr::hisG band was also detected using the hisG probe 
but not with the CaURA3 probe (Fig. 4D). 

Determination of the CaALRI null phenotype was 

20 performed as described for CaKRE5. However, as it has been reported 
that the inviability of the ALR1 null mutation in S. cerevisiae can be 
partially suppressed by supplementing the medium with MgCI 2 . Thus, the 
second transformation was performed by selecting for Ura+ colonies on 
500mM MgCI 2 -containing medium as well as on standardCasa plates. 35+ 

25 colonies of various size (22 of which were isolated from MgCU -supplemented 
plates) were analyzed by PCR to confirm caain ::hisG-CaURA3-hisG 
integration. The second allele from each of these 35 transformants was 
determined to be wild-type by PCR using oligonucleotides that span the 
insertion and produce a wild-type 1.5 kb product as opposed to the 

30 larger 1.75 kb product of the caalr::hisG allele. Southern blot analysis 
using the 3 different probes independently confirmed 4 such Ura+ 
transformants as CaALRl/caain ::hisG-CaURA3-hisG heterozygotes. This 
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inability to identify any homozygous CaALRI disrupted transformant among 
the 35 Ura + colonies analyzed, expenmentally demonstrates that CaALRI is an 
essential C. albicans gene and validates the CaALRI gene product as a 
therapeutic target for drug discovery against this pathogen. 

CaCDC24 

Southern blot analysis of CaCDC24 first round 
transformants using the CaCDC24 gene probe confirmed the correct integraticn 
of the cacdc24::hisG-CaURA3-hisG insertion fragment as both 2.55 kb and 3.7 
kb fragments, which are diagnostic of the insertional allele, were detected in 
addition to the 2.2 kb wi.d-type CaCDC24 fragment (Fig. 4F). Moreover, both 
2 55 kb and 3.7 kb fragments were detected using CaURA3 and hisG probes. 
Excision of CaURA3 from the resulting heterozygote was verified by: 1) 
detecting a single 3.3 kb fragmert unique to 5-FOA resistant colonies using the 
CaCDC24 or hisG probes; and 2) the failure to detect this band using the 

CaURA3 probe (Fig. 4F). 

As previously, a second round of transformations using the 

above described CaCDC24 heterozygote was performed. 28+ colonies of 
various size were analyzed by PGR to confirm C acdc24::hisG-CaURA3-h,sG 
20 integration The second allele from each of these 28 transformants was 
determined to be wild-type by PCR using oligonucleotides which span the 
■nsertion and produce a wild-type 0.5 kb product rather than the 1.6 kb product 
of the caalrr.hisG allele. Southern blot analysis using the 3 different probes 
independently confirmed 4 such Ura + transformants as 
CaCDC24/cacdc24::hisG-CaURA3-h l sG heterzygotes. The inability to .dent.fy 
a homozygous CaCDC24 disrupted transformant among these 28 Ura+ 
colonies analyzed, again demonstrates that CaCDC24 is an essential C. albicans 
gene and is therefore a third validated drug target su.table for- drug discover, 

aaainst this pathogen 

Tne present invention is illustrated in further detail by the 
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FXAMPLE 1 

In vivo Screening Methods for Specific Antifungal Agents 

Having now validated CaKRE5, CaALRI and CaCDC24 as 
drug targets in Candida albicans, heterologous expression of CaKRE5, CaALRI. 
or CaCDC24 in S.cerevisiae kre5. alrt and cdc24 mutants respectively, allows 
replacement of the S. cerevisiae gene with that of its C. albicans counterpart 
and thus permits screening for specific inhibitors to this bonafide drug target in 
aS. cerevisiae background where the additional experimental tractability of tre 
organism permits additional sophistication inscreen development. For example, 
drugs which block CaKreSp in S. cerevisiae confer K1 killer toxin resistance, and- 
this phenotype can be used to screen for such compounds. In a particular 
embodiment, CaKRE5 can be genetically modified to function in S. cerevisiae by 
replacing its promoter sequence with any strong constitutive S. cerevisiae 
promoters (e.g. GAL10, ACT1, ADH1). As C. albicans utilizes an altered genetic 
code, in which the standard leucine-CTG codon is translated as serine, all four 
codons (or any functional subset thereof) could be modified by site-directed 
mutagenesis to encode serine residues when expressed in S. cerevisiae. 
Compounds that impair CaKre5p activity in S. cerevisiae may be screened using 
a K1 killer toxin sensitivity assay. Similarly, compounds could be screened which 
inactivate heterologously-expressed CaCDC24 and consequently disrupt its 
association with Rsrlp or Cdc42 P in a two hybrid assay. Alternatively. 
CaCDC24 function could be monitored in a screen for compounds able to 
disrupt pseudohyphal formation in a CaCDC24-dependent manner. A whole eel! 
drug screen.ng assay based on CaALRI function could similar, be 
env IS aaed. For example. CaALRI -dependent influx of "CO :+ in a S. cerevis,ae 
alrl mutant suppressed by supplementary Mg" could be monitored to identify 
compounds which specifically block the import of divalent cat.ons. 
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FXAMPLE II 

In vitro Screening Methods for Specific Antifungal Agents 

1 jjsg vim assay to ^yn thesiye p-f 1 6)-qlucan. 

In SU ch an assay the incorporation of labelled glucose 
5 from UDP-glucose into a product that can be immunoprecipitated or 
immobilized with (3-(1 .6)-glucan antibodies is measured. The specificity of this 
synthesis can be established by showing its dependence on CaKreSp, and 
its digestion with (J-(1,6)-glucanase. 

Drugs which block this in vitro synthesis reaction, block p- 
10 (1 6)-giucan synthesis and are candidates for antifungal drugs, some may 
inhibit KreSp. others may inhibit other steps in the synthesis of this polymer. 
2 nf a ^ ppcific h vii ro ac * a V fnr CaKre5p. 

CaKre5p has amino-acid sequence similarities to 
UDP-glucose glycoprotein glucosyltransferases (4). The CaKreSp protein can 
15 be heterogeneously expressed and/or purified from Candida albicans and an ,n 
vitro assay devised by adding purified GPI-anchored cel. wall proteins known to 
normally contain 0-(1 ,6)-g.ucan linkages in a KRE5 wild-type background but 
absent in Hre5 deleted extracts. Such acceptor substrates could be obta.ned 
from available S. cerevisiae Kre5 null extracts suppressed by second site 
20 mutations or conditional k re5 strains (e.g. under control of a regu.atable promote 
or temperature sensit.ve mutation). CaKreSp dependent protein glycosylate » 
measured as rad.olabe.led incorporation of UDP-glucose into the acceptor 
substrate purified from the Kre5 null extract. Alternatively, it is possible to screen 
for compounds that b.nd to .mmobilized CaKreSp. For example. sc,nt,.at,on 
2C orox.mitv assays (SPA) could be developed in h.gh throughput format to detect 
compounds which disrupt binding between CaKreSp and rad.olabe.led UDP- 
alucos* Alternately, a SPA-based CaKreSP ,n vnro screen may be employed 
us.ng a labelled antibody to CaKreSp and screen.ng for compounds able to 
d.srup: the CaKre5p:antiCaKreS P antibody dependent fluorescence 
30 Compounds .dentified ,n such screens serve as ,ead compounds ,n the 
development of novel antifungal therapeutics. 
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CDC24 has been biochemically demonstrated to encode a 
GDP-GTP nucleotide exchange factor (GEF) required to convert Cdc42p toa , 

GTP-bound state. An in vitro assay to measure CaCdc24p-dependent 
activation of Cdc42p could be used to screen for inhibitors of C<Cdc24p. This 
> could be accomplished by directly measuring the percentage of GTP versus 
GDP bound by Cdc42p. Alternatively, Cdc24p function could be determined 
indirectly by measuring Cdc42p-GTP dependent activation of Ste20p kinase 
activity. 

3 EXAMPLE 111 

The use of CaALRI, CaKRES, and CaCDC24 in PCR-based diagnosis of 

fungal infection 

Polymerase chain reaction (PCR) based assays provide a 
number of advantages over traditional serological testing methodologies in 

5 diagnosing fungal infection. Issues of epidemiology, fungal resistance, 
liability, sensitivity, speed, and strain identfication are limited by the spectrum 
of primers and probes available. The CaKRE5, CaALRI, and CaCDC24 gene 
sequences enable the design of novel primers of potential clinical use. In 
addition, as CaAlrlp is thought to localize to the plasma membrane and 

!0 extend out into the periplasms space/cell wall, this extracellular domain 
could act as a serological antigen to which antibodies could be raised and 
used in serological diagnostic assays. 

FXAMPLE IV 

25 Plasmid-based reporter constructs which measure Kre5p, Alrlp, or 

Cdc24p inactivation 

Transcriptional profiling oi kre5. alrl. and cdc24 mutants in 
S. cerevisiae could identity genes which are transcnoiionaliy induced or 
repressed specially under conditions of KRE5. ALRL or CDC24 inactivation 
30 or overproduction. The identification of promoter elements from genes 
responsive to the loss of KRE5. ALRL or CDC24 activity offers practical 
utility m drug screen.ng assays to identify compounds which specifically 
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inactivate these targets. For example, a chimeric reporter gene (eg. lacZ, GFP.) 
whose expression would be either induced or repressed by such a promoter 
would reflect activity of Kre5p, and could be used for high-throughput screen.ng 
of compound libraries. Further, a group of promoters showing such regulated 
expression would allow a specific fingerprint or transcriptional profile to be buit 
for the inhibition or overproduction of the ALR1.CDC24, or KRE5 genes. This 
would allow a reporter set to be constructed that could be used for 
high-throughput screening of compound libraries giving a specific tool for 
screening compounds which inhibit these gene products. 



rnNCLUSION 

The aim of the present invention is to provide the identification 
and subsequent validation of novel drug targets that can be used in specific 
enzymatic and cellular assays leading to the discovery of new clinically useful 
15 antifungal compounds. Although KRE5, ALR1 and CDC24 have previously been 
identified in the baker's yeast, S. cerevisiae, prior to the present invention, it was 
unknown whether orthologous genes would be identified in the human pathogen 
C albicans, or whether should they exist, these genes would perform identical 
or similar functions. The CaKRES, CaALRI and CaCDC24 genes from C. 
albicans have thus been identified and their utility has been validated as novel 
antifungal drug targets by experimentally demonstrating their essential nature by- 
gene d.sruption directly in the pathogen. Although the precise role of these gere 
products remains to be determined, the current understanding of their cellular 
functions does enable both in vitro and in vivo antifungal drug screening assay 
25 development. Furthermore, and of importance clinically, genome database 
searches fail to detect significant homology to these genes in metazoans. 
suggesting that screening for compounds which inactivate these 
fungal-specific drug targets are less likely to d.splay toxicity to mammals and 
particularly to humans. KRE5 and CDC24 are unique genes in S. cerev.siae 
30 and ,rrespect.ve of their .nclusion .n gene iamii.es in C.alb.cans. they retain an 
essential function. ALR1p1 .s part of a 3 member gene family in S. cerevis.ae. 
and sequence similarity to ALR2p has been identified (Stanford Sequenc.no 
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Project), however the essential role of CaALRIp in C. albicans and their 
predicted extracellular location offers the potential to screen for novel 
antifungal compounds which need not enter the cell, circumventing issues of 
compound delivery and drug resistance. 

Thus, the present invention provides the identification of 
CaKRE5, CaALRI, and CaCDC24 as essential in Candida albicans and as 
fungal-specific validated drug antifungal targets. The present invention also 
provides the means to use these validated targets to screen for antifungal drugs 
to Mycota in general and more particularly to a pathogenic yeast such as 
Candida albicans. Thus, the present invention extends in a non-obviousway the, 
use of these genes in a pathogenic fungal species, as targets for screening fcr 
drugs specifically directed against fungal pathogens. 

Although the present invention has been described 
hereinabove by way of preferred embodiments thereof, it can be modified, 
without departing from the spirit and nature of the subject invention as defined 
in the appended claims. 
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WHAT IS CLAIMED IS: 

1 An isolated DNA sequence selected from the group 

consisting of: 

5 a) fungal specific gene of C. albicans termed CaKRE5; 

b) fungal specific gene of C. albicans termed CaALRI; 

c) fungal specific gene of C. albicans termed CaCDC24; 

d) a part or oligonucleotide derived from a), b) or c); 

e) a nucleotide sequence complementary to any of the 

10 nucleotide sequences of a) - d); and 

f) a sequence which hybridizes under high stringency 

conditions to any of the nucleotide sequences of a) - e). 

2. The isolated DNA sequence of claim 1, wherein said 
15 sequence of CaKRE5 is as set forth in Figure 1A. 

3. The isolated DNA sequence of claim 1, wherein said 
sequence of CaALRI is as set forth in Figure 2A. 

20 4 The isolated DNA sequence of claim 1, wherein said 

sequence of CaCDC24 is as set forth in Figure 3A. 

5. A method of selecting a compound that modulates the 
activity of a protein encoded by said CaKRE5 of claim 2 comprising: 
25 a) incubating a candidate compound with said protein; and 

b) determining the activity of said protein in the presence of 
said candidate compound. 

wherein a potential drug is selected when the activity of said protein in the 
presence of said candidate compound is measurably different than in the 
30 absence thereof. 
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6. A method of selecting a compound that modulates the 
activity of a protein encoded by said CaALRI of claim 3 comprising: 

a) incubating a candidate compound with said protein; and 

b) determining the activity of said protein in the presence of 
5 said candidate compound, 

wherein a potential drug is selected when the activity of said protein in the 
presence of said candidate compound is measurably different than in the 
absence thereof. 

10 7. A method of selecting a compound that modulates the 

activity of a protein encoded by said CaCDC24 of claim 3 comprising: 

a) incubating a candidate compound with said protein; and 

b) determining the activity of said protein in the presence of 

said candidate compound, 
15 wherein a potential drug is selected when the activity of said protein in the 
presence of said candidate compound is measurably different than in the 
absence thereof. 

8. An isolated nucleic acid molecule consisting of 10 to 50 
20 nucleotides which specifically hybridizes to RNA or DNA of claim 1 , 2. 3 or 4. 
wherein said nucleic acid molecule is or is complementary to a nucleotide 
sequence consisting of at least 10 consecutive nucleotides from said nucleic acti 
sequence set forth in Figures 1A, 2A or 3A. 

25 9. A method of detecting CaKRE5. CaALRI or CaCDC24 

in a sample comprising 

a) contacting said sample with a nucleic acid molecule 
according to claim 8. under conditions such that hybridization occurs; and 

b) detecting the presence of said molecule bound to said 
30 CaKRE5. CaALRI or CaCDC24 nucleic acid. 
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10. A purified CaKRE5 polypeptide or an epitope-bearing - 

portion thereof. 

11. A purified CaALRI polypeptide or an epitope-bearing 

5 portion thereof. 

12. A purified CaCDC24 polypeptide or an epitope-bearing 

portion thereof. 

10 13. The purified CaKRE5 polypeptide according to claim 10, 

comprising an amino acid sequence at least 90% identical to the amino acid 
sequence as set forth in Figure 1B. 

14. The purified CaALRI polypeptide according to claim 1 1 , 
15 comprising an amino acid sequence at least 90% identical to the amino acid 

sequence as set forth in Figure 2B. 

1 5. The purified CaCDC24 polypeptide according to claim 1 2, 
comprising an amino acid sequence at least 90% identical to the amino acid 

20 sequence as set forth in Figure 3B. 

16. An antibody having specific binding affinity to the 
polypeptide or epitope-bearing portion thereof according to claim 10. 

25 17. A method of screening for a compound having antifungal 

activity through an interaction with a protein selected from KRE5. ALR1 and 
CDC24 comprising: 

a) incubating a candidate compound with said protein: and 

b) determining one of the activity of said protein or of an 
30 assayable or observable property associated with a biological function of said 

protein in the presence of said candidate compound. 
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wherein a potential antifungal drug is selected when the activity or assayable or 
observable property of said protein in the presence of said candidate compound 
is measurably different than in the absence thereof. 

18. The method of claim 17, wherein said antifungal activity 
is effective against a fungi selected from Candida albicans, Aspergillus 
fumigatus, Aspergillus flavus, Aspergillus niger, Coccidiodes immitis, 
Cryptococcus neoforrnans, Exophiala dermatitidis, Histoplsma capsulatum, 
Dermtophytesspp., Microsporumspp., Tricophyton spp., Phytophthora infestans, 
and Puccinia sorghi. 
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resislance ,o the latter. Resistance ,o fluconazole has increased 
dramattcally throughout the decade particular in Candfda and Aspe^us spp. . 

Cleart y new antimycotic compounds must be developed to 
combat funga, infection and resistance. Pad o, the soiution depends on the 
elucidation o, novel antifungal drug targets (i.e. gene products whose 
functional inac.iva.ion results in cell death). The IdenWrcation of gene products 
essentia, to cell viability in a broad spectrum of fungi, and absent in humans, 
could serve as novel antifungal drug targets to which rational drug screening crn 
be unemployed. From this starting point, drug screens can be developed ,o 
identify specifrc anflfunga, compounds .ha. inactiva.e essentia, and 
fungal-specific genes. wh*h mimicR .he validated eflec. of the gene d,srup,on 
Of paramount importance .0 .he antifungal drug discovery 
process is .he genome sequencing projects recently completed for the baKers 
yeas, Saccna^nyces cerews/ae and under way in C. a/bican, AUhough & 
cerevis/ae is no. Use,, pathogenic. It is closely related taxonomrcal, to 
opportunistic pa.hogens including C. afbfcans. Consequently, many of .he 
genes MM and studied in S. cerev/siae facilitate identification and function* 

«» e orient in the wealth of sequence information 
analysis of orthologous genes present in me w 

provided by the Stanford C. afbicans genome prdiec 
(h „ p: ,,candida.s,an,ord.edu). Sud, genomic sequencing efforts accele a,e the 
isolation ofCa/b-cansgenes which potentially participate n essentia, cellular 
processes and which therefore could serve as nove, antifungal drug targets. 

However, gene discovery through genome sequence analysis 
alone does no, validate either Known or nove, genes as drug ,arge,s. Ultimately 
,arge,valida,ion needs ,o be achieved mrough experiments, demons,ra„on of tte 
essen,iaii,» o, ,he cand,da,e drug targe, gene d„ec„y w,hin the pathogen, since 
only a ,im„ed concordance exists between gene essentiality for a part,cu,ar 
ortholog in different organisms. Fo, example, in a ,i,era,ure search o, 13 C. 
albl csns essenrial genes validated by gene disruption. 7 gener r (re OaFKSI 
CSHSP90. C*K«* CaPRSt. Ca R AD6, CaSNFI, and CeEFTZ) are no, 
essentia, in S. cerewsrae. Therefore. although the nu„ pheno„pe of a gene ,n 
one organism may. in some ins.ances. bin, a, ,he funCion o, the orthologous 
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gene in pathogenic yeasts, such predictions can prove invalid after 
experimentation. 

There thus remains a need to identify new essential genes n 

C albicans and validate same as drug targets. 

The present invention seeks to meet these and other needs. 

The present description refers to a number of documents, the 
content of which is herein incorporated by reference in their entirety. 

StnWMABY OF THF. INVENTION 

* , n general, the present invention relates to essent.al fungal 

specific genes that seek to overcome the drawbacks of the prior art associated 
with targets for antifungal therapy and wth the drugs aimed at these targets^ In 
addition, the present invention relates to screening assaysand agents identi ed 
by same which may display significant specificity to fungi, more particularly to 
pathogenic fungi, and even more particularly to Candida aibicans. 

The invention concerns essential fungal specific genes m 
Candida albicans and their use in antifungal drug discovery. 

More specifically, the present invention relates to the 
identification of genes known to be essentia, for viability in S. cemvWee and to 
a direct assessment of whether an identical phenotype is observed m C. 
elbicans. Such genes which are herein found to be essentia, in C. aibicans 
serve as validated antifungal drug targets and provide novel reagents ,n 
antifungal drug screening programs. 

More specifically, the present invention relates to the nucle,c 
acid and amino acid sequences of CaKRE5, CaALRI and CaCDC24 of Candida 
eibicans. Furthermore, the present invention relates to the identified of 
CaKRE5 CaALRI and CaCDC24 as essentia, genes, thereby validating same 
as targets for antifunga. drug d.scovery and funga. diagnoses. 

Until the present invention, it was unknown whether KRE5, 
AL R1 and CDC24 were essentia, in a wide variety of fungi. While these genes 
nad been shown to be essentia, in one of budding yeast (e.g. S. cerevisiae) and 
fission yeast (e.g. S. pomoe). the essentiality of these genes had not been 
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assessed in a dimorphic or a pathogenic fungi (e.g. C. a/o/cans). Thus, the 
present invention teaches that KRE5, ALR1 and CDC24 are essentia, genes ,n . 
very different fungi, thereby opening the way to use these genes and gene 
products as targets for antifungal drug devebpment diagnosis, in a wide vanety 
of fungi including animal-infesting fungi and plant-infesting fungi. Non-l.mifng 
examples of such pathogenic fungi include Candida albicans. As P erg,„us 
fumigates. Aspergillus flaws, Aspergillus niger. Coccidiodes immrt,s. 
Cryptococcus neoformans. Exophiala dermatitidis. Histoplsma oapsulatum. 
Dermtopnytes spp.. Microsporumspp.. Tncopnyton s PP , Pnytopntbora infestan, 
and Puccinia sorgni. More particularly, the invention relates to the identified 
of these genes and gene products as validated drug targets in any organ.sm ,n 
the kingdom of Fungi (Mycota). Thus, although the instant description ma.n.y 
focuses on Candida albicans, the present invention may also find utility in a w,de 
range of fungi and more particularly in pathogenic fungi. 

Prior to the present invention, the essentiality of these genes 
nad not been verified in an imperfect, dimorphic yeast which survices as an 
obligate associate of human beings as well as othermamma.s. such as Can** 
albicans. Moreover, prior to the present .nvention. there was no reasonable 
prediction that a null mutation in any one of these three genes in Cand.da 
albicans would be essential, in view of the significant evolutionary divergence 
between C aflbfcar* and S. pombe or S. cerevisiae and thus, of the significant 
difference between the biology of these fungi. For example, in view of the 
complexity of the pathways in which KRE5. ALR1 and CDC24 are implicated. ,t 
could not be reasonably predicted that a knockout of CaKRE5, CaALRI or 
CaCDC24 would not be compensated by other factors, upstream or downstream 
tnere0 f C albicans can become an opportunistic pathogen m 

im munosu PP ressed individuals. Its morpho.ogy switches from a yeast (budd.nc* 
form to a pseudohypha. and eventually hypha, (filamentous) morphology 
depending on particular stimuli. It is generai.v bei.eved that the hypha. form ofC. 
a,b,cans is pathogenic/virulent. Switching from tne yeast to h*ha, form .nvolves 
a developmental process referred to as the dimorphic trans.t.on. 
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In a further general aspect, the invention relates to screering 
assays to identify compounds or agents or drugs totarget the essential function , 
of CaKRES CSALR1 or CaCDC24. Thus, in a related aspect, the present 
invention relates to the use of constructs harboring sequences encoding 
CaKRE5 CaALRI or CaCDC24, fragments thereof or derivatives thereof, a the 
cells expressing same, to screen for a compound. agenUor drug that targets 

these genes or gene products. 

Further, the invention relates to methods and assays to 

,. h , ornot KR c 5 ALR 1 or CDC24 and more particularly 
identify agents which target KKto, < ^ 

CaKRES CaALRI or CaCDC24. In addition, the invention relates to assays and 
methods to identify agents which target pathways in which these proteins are 
implicated. 

In accordance with the present invention, there .s thus 
provided in one embodiment, an isolated DNA sequence selected from the group 
consisting of the fungal specific gene CaKRE5, the fungal specific gene CaALRI , 
the fu nga» specific gene CaCDC24, parts thereof, oligonucleotide derived 
therefrom, nucleotide sequence complementary to allot the above or sequences 
which hybridizes under high strigency conditions to the above. 

In accordance with another embodiment of the present 
invention, there is provided a method of selecting a compound that modulates 
the activity of the product encoded by one of CaKRE5. or CaALRI or CaCDC2, 
comprising an incubation of a candidate compound with the gene product, and 
a determination of the activity of this gene product in the presence of the 
candidate compound, wherein a potential drug is selected when the activity of 
the gene product in the presence of the cand.date compound is measurably 

different and in the absence thereof. 

In accordance with another embodiment of the present 
.nvention. there is provided an isolated nuc.e.c acdmolecule consisting of 10 to 
50 nucleotides which specifically hybrid**, to RNA or DNA encoding CaKREo. 
CaALRI CaCDC24. or parts thereof or derivatives thereof, wherein nucle.c aod 
molecule is or is complementary to a ruc.eot.de sequence consisting of at least 
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10 consecutive nucleic acids from the nucleic acid sequence of CaKRE5, 
CaALRI, or CaCDC24, or derivatives thereof. 

In accordance with another embodiment of the present 
invention, there is provided a method of detecting CaKRES, CaALRI or 
CaCDC24 in a sample comprising a contacting of the sample with a nucleicacid 
molecule under conditions that able hybridization to occur between this molecule 
and a nucleic acid encoding CaKRE5, CaALRI or CaCDC24 or parts or 
derivatives thereof; and detecting the presence of this hybridization. 

In accordance with yet another embodiment of the present 
invention, there is provided a purified CaKRE5 polypeptide. CaALRI polypeptide, 
or CaCDC24 polypeptide or epitope bearing portion thereof. 

In yet an additional embodiment of the present invention, 
there is provided an antibody having specific binding affinity to CaKRE5, 
CaALRI, CaCDC24 or an epitope-bearing portion thereof. 

More specifically, the present invention relates to the 
identification and disruption of the Candida albicans fungal specific genes, 
CaKRE5, CaALRI, and CaCDC24 which reveal structural and functional 
retatedness to their S. cerevisiae counterparts, and to a validation of ther utility 
in fungal diagnosis and antifungal drug discovery. 

As alluded to earlier, while essentiality of KRE5, ALR1 or 
CDC24 has been shown in budding or fission yeast, these results cannot be 
translated to the a albicans system for numerous reasons. For example, while 
US Patent 5.194.600 teaches the essentiality of the S. cerevisiae KRE5 gene, 
a number of observations from fungal biology make it far from obvious as to 
the presence and/or role of this gene in a pathogenic yeast, of course, the 
teachings of 5.194.600 are even more remote from teaching or suggesting that 
a KRE5 homolog in C. albicans would be essential or if it would have utility 
as an antifungal target. Examples of such observations are-listed below. 

a) A related gene. GPT1, in the yeast S. pombe is not 
essential. Moreover. GPT1 thought to be mvoived in protein folding, fails to 
complement the S.cerevisiae kre5 mutant, and fails to reduce (M1,6)-glucan 
polymer levels in this yeast. 
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b) The p-(1.6)-glucan polymer could be made in a different 

way in different yeasts. 

c) Genes are lost during evolution and it could thus not be 

determined a priori whether C. albicans retained a KRE5 related gene. 
Moreover the CaKRE5 fails to complement a S. cerevisiae kre5 mutant, thus 
no gene could be recovered by such an approach. Similarly. theDNA sequence 
of the C albicans CaKRE5 gene is sufficiently different from that ofS. 
cerevisiae, that it cannot be detected by low stringency Southern hybridization 
with the S. cerevisiae KRE5 gene as a probe. 

For the purpose of the present invention, the following 

abbreviations and terms are defined below. 
DEFINITIONS 

The terminology "gene knockout" or "knockout" refers to a 
disruption of a nucleic acid sequence which significantly reduces and preferably 
suppresses or destroys the biological activity of the polypeptide encoded 
thereby A number of knockoUs are exemplified herein by the introduction of a 
recombinant nucleic acid molecule comprising one of CaKRE5, CaALRI or 
CaCDC24 sequences that disrupt at least a portion of the genomic DNA 
sequence encoding same in C. albicans. In the latter case, in which a 
homozygous disruption (in a diploid organism or state thereof) is present, the 

mutation is also termed a "null" mutation. 

The terminology "sequestering agent" refers to an agent 
which sequesters one of the validated targets of the present invention in such a 
manner that it reduces or abrogates the biological activity of the validated brget. 
A non-limiting example of such a sequestering agent includes antibodies specfc 
to one of the validated targets according to the present invention. 

The term "fragment", as applied herein to a_pept.de. refers to 
at least 7 contiguous am.no ac.ds. preferably about 14 to 16 contiguous amino 
acids and more preferably, more than 40 contiguous amino acids ,n length. 
Such peptides can be produced by well-known methods to those skilled in the 
art such as for example, by proteolytic cleavage, genetic engineering or 
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chemical synthesis. "Fragments" of the nucleic acid molecules according to the 
present invention refer to such molecules having at least 1 2 nt. more particularly _ 
at least 18 nt. and even more particularly at least 24 nt which have utility as 
diagnostic probes and/or primers. It will become apparent to the person of 
5 ordinary skill that larger fragments of 100 nt, 1000 nt. 2000 nt and more also M 
utility in accordance with the present invention. 

The terminology "modulation of two factors" is meant to refer 
to a change in the affinity, strength, rate and the like between such two factors. 
Having identified CaKRES, CaALRI and CaCDC24 as essential genes and gene 
10 products in C. albicans opens the way to a modulation of the interaction of hese. 
gene products with factors involved in their respectk/e pathways in this fungi as 
well as others. 

Nucleotide sequences are presented herein by single strand, 
in the 5* to 3' direction, from left to right, using the one letter nucleotide symbols 
1 5 as commonly used in the art and in accordance with therecommendations of the 
IUPAC-IUB Biochemical Nomenclature Commission. 

Unless defined otherwise, the scientific and technological 
terms and nomenclature used herein have the same meaning as commonly 
understood by a person of ordinary skill to which this invention pertains. 
20 Generally, the procedures for cell cultures, infection, molecular biology methods 
and the like are common methods used in the art. Such standard techniques 
can be found in reference manuals such as for example Sambrook et al. (1989. 
Molecular Cloning - A Laboratory Manual, Cold Spring Harbor Laboratories) and 
Ausubel et al. (1994, Current Protocols in Molecular Biology. Wiley, New York). 
25 The present description refers to a number of routnely used 

recombinant DNA (rDNA) technology terms. Nevertheless, definitions of selected 
examples of such rDNA terms are provided for clarity and consistency. 

As used herein, "nucleic acid molecule", refers to a polymer 
of nucleotides. Non-limiting examples thereof include DNA (e.g. genomic DNA. 
30 cDNA) and RNA molecules (e.g. mRNA). The nucleic ac.d molecule can be 
obtained by cloning techniques or synthesized. DNA can be double-stranded or 
single-stranded (coding strand or non-coding strand [antisense]). 
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The term "recombinant DNA" as known in the art refers to a 
DNA molecule resulting from the joining of DNA segments. This is often eferred 

to as genetic engineering. 

The term "DNA segment", is used herein, to refer to a DNA 
molecule comprising a linear stretch or sequence of nucleotides. This sequence 
when read in accordance with the genetic code, can encode a linear stretch or 
sequence of amino acids which can be referred to as a polypeptide, protein. 

protein fragment and the like. 

The terminology "amplification pair" refers herein to a pair of 

oligonucleotides (oligos) of the present invent.on. whch are selected to be used 
together in amplifying a selected nucleic acid sequence by one of anumber of 
types of amplification processes, preferably a polymerase chain reaction. Other 
types of amplification processes include ligase chain reaction, strand 
displacement amplification, or nucleic acid sequence-based amplification, as 
explained in greater detail below. As commonly known in the art, the oligos are 
designed to bind to a complementary sequence under selected conditions. 

The nucleic acid (e.g. DNA or RNA) for practising the present 
invention may be obtained according to well known methods. 

Nucleic acid fragments in accordance with the present 
invention include epitope-encod.ng portions of the po.y P ep*des of the invention. 
Such portions can be identified by the person of ord.nary skill using the nucle.c 
acid sequences of the present invention in accordance with well known methods. 
Such epitopes are useful in raising ant.bod.es that are specific to the 
polypeptides of the present invention. The .nvent.on also provides nucleic acid 
molecules which comprise polynucleotide sequences capable of hybridiz.ng 
under stringent conditions to the polynucleotide sequences of the present 

invention or to portions thereof. 

The term hybridizing to a "portion of a polynucleotide 
sequence" refers to a polynucleotide which hybridizes to at least 12 nt. more 
preferably at least 18 nt. even more preferably at least 24 nt and espec.ally to 
about 50 nt of a polynucleotide sequence of tne present invention. 
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The present invention further provides isolated nucleic acid 
molecules comprising a polynucleotide sequences which is preferably at .east . 
90% identical, more preferably from 96% to 99% identical, and even more 
preferably 95%. 96%. 97%. 98%. 99% or 100% identical to the polynicle.c acd 
sequence encoding the validated targets or fragments and/or derivatives therecf 
according to the present invention. Methods to compare sequences and 
determine their homology/identity are well known in the art. 

Oligonucleotide probes or primers of the present .nvent.on 
may be of any suitable length, depending on the particular assayformat and the 
particular needs and targeted genomes employed. In general.the oligonucleotide 
probes or primers are at least 12 nucleotides in length, preferably between 15 
and 24 nucleotides, and they may be adapted to be especially suited to a chose, 
nucleic acid amplification system. As commonly known in the art. the 
oligonucleotide probes and primers can be designed by taking into considerate 
the melting point of hydrizidation thereof with its targeted sequence (see below 
and in Sambrook et a... 1989. Mo.ecu.ar Coning - A Laboratory Manual. 2nd 
Edition. CSH Laboratories; Ausube. et al.. 1989, in Current Protocols ,n 
Molecular Biology. John Wiley & Sons Inc.. N Y ). 

The term "oligonucleotide" or "DNA" molecule or sequence 
refers to a molecule comprised of the deoxyribonuc.eotides adenine (A), guanine 
(G) thymine (T) and/or cytosine (C), in a double-stranded form, and compnses 
or includes a "regulatory element" according to the present invention, as the tarn 
is defined herein. The term "oligonucleotide" or "DNA" can be found ,n ..near 
DNA molecules or fragments, viruses, p.asm.ds. vectors, chromosomes or 
synthetically derived DNA. As used herein, particular double-stranded DNA 
sequences may be described according to the norma, convention of giving only 
the sequence in the 5' to 3' direction. "Oligonucleotides* or "o.igos" define a 
molecule having two or more nucleotides (ribo or deoxyribonuc.eot.des). The 
size of the oligo will be dictated by the particular situation and ultimately on the 
particular use thereof and adapted accordingly by the person of ordinary sk,l.. An 
oligonucleotide can be synthet.sed chemically or derived by cloning according 
to well known methods. 
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As used herein, a "primer" defines an oligonucleotide which 
is capable of annealing to a target sequence, thereby creating a double stranded , 
region which can serve as an initiation point for DNA synthesis under suitable 
conditions. 

5 The terms "homolog" and "homologous" as they relate to 

nucleic acid sequences (e.g. gene sequences) relate to nucleic acid sequence 
from different fungi that have significantly related nucleotide sequences, and 
consequently significantly related encoded gene products, and preferably have 
a related biological function. Homologous gene sequences or coding sequences 
0 have at least 70% sequence identity (as defined by the maximal base match in 
a computer-generated alignment of two or more nucleic acid sequences) over 
at least one sequence window of 48 nucleotides, more preferably at least 80 or 
85%, still more preferably at least 90%, and most preferably at least 95%. The 
polypeptide products of homologous genes have at least 35% amino acid 
5 sequence identity over at least one sequence window of 18 amino acid residues, 
more preferably at least 40%. still more preferably at least 50% or 60%, and 
most preferably at least 70%, 80%, or 90%. Preferably, the homologous gene 
product is also a functional homolog, meaning that the homolog will functionally 
complement one or more biological activities of the product being compared. Fa 
20 nucleotide or amino acid sequence comparisons where a homology is defined 
by a % sequence identity, the percentage is determined using any one of the 
known programs as very well known in the art. A non-timit.ng example of such 
a program is the BLAST program (with default parameters (AltschU et aL 1997. 
"Gapped BLAST and PSI-BLAST: a new generaton of protein database search 
25 programs, Nucleic Acid Res. 25:3389-3402). Any of a variety of algorithms 
known in the art which provide comparable results can also be used, preferably 
using default parameters. Performance characteristics for three different 
algorithms in homology searching is described in Salamov et aL 1999. 
"Combining sensitive database searches with multiple intermediates to detect 
30 distant homologues." Protein Eng. 12:95-100. Another exemplary program 
package is the GCG™ package from the University of Wisconsin. 
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Homologs may also or in addition be characterized by the 
ability of two complementary nucleic acid strands to hybridize to each other 
under appropriately stringent conditions. Hybridizations are typically and 
preferably conducted with probe-length nucleic acid molecules, preferably 20- 

5 100 nucleotides in length. Those skilled in the art understand how to estimate 
and adjust the stringency of hybridization conditions such that sequences having 
at least a desired level of complementarity will stably hybridize, while those 
having lower complementarity will not. For examples of hybridization conditions 
and parameters, see, e.g.,. Sambrook et al. (1989) supra; and Ausubel et al. 

10 (1994) supra. 

"Nucleic acid hybridization' refers generally to the 
hybridization of two single-stranded nucleic acid molecules having 
complementary base sequences, which under appropriate conditions will form 
a thermodynamically favored double-stranded structure. Examples of 
15 hybridization conditions can be found in the two laboratory manuals referred 
above (Sambrook et al.. 1989, supra and Ausubel et al., 1989, supra) and are 
commonly known in the art. In the case of a hybridization toa nitrocellulose filter, 
as for example in the well known Southern blotting procedure, a nitrocellulose 
filter can be incubated overnight at 65°C with a labelled probe in a solution 
20 containing 50% formamide. high salt (5 x SSC or 5 x SSPE). 5 x Denhardt's 
solution. 1% SDS. and 100 ug/ml denatured carrier DNA (e.g. salmon sperm 
DNA). The non-specifically binding probe can then be washed off the filter by 
several washes in 0.2 x SSC/0.1% SDS at a temperature which is selected in 
view of the desired stringency: room temperature (low stringency), 4ZC 
25 (moderate stringency) or 65°C (high stringency). The selected temperature is 
based on the melting temperature (Tm) of the DNA hybrid.Of course. RNA-DNA 
hybrids can also be formed and detected. In such cases, the conditions of 
hybridization and washing can be adapted accord.ng to well known methods by 
the person of ordinary skill. Stringent cond.t.ons will be preferably used 

30 (Sambrook et al.. 1989. supra). 

Probes of the invention can be utilized with naturally occuning 
sugar-phosphate backbones as well as modified backbones including 
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phosphorothioates. dithionates, alkyl phosphonates and a-nucleotides and the 
like. Modified sugar-phosphate backbones are generally taught by Miller, 1988, 
Ann. Reports Med. Chem. 23:295 and Moran et al., 1987, Nucleic acid molecule. 
Acids Res., 14:5019. Probes of the invention can be constructed of either 
ribonucleic acid (RNA) or deoxyribonucleic acid (DNA), and preferably of DNA. 

The types of detection methods in which probes can be used 
include Southern blots (DNA detection), dot or slot blots (DNA, RNA), and 
Northern blots (RNA detection). Although less preferred, labelled proteins could 
also be used to detect a particular nucleic acid sequence to which it binds. Other 
detection methods include kits containing probes on a dipstick setup and the like 

Although the present invention is not specifically dependent 
on the use of a label forthe detection of a particular nucleic acid sequence, such 
a label is often beneficial, by increasing the sensitivity of the detection. 
Furthermore, this increase in sensitivity enables automation. Probes can be 
labelled according to numerous well known methods (Sambrook et al., 1989, 
supra). Non-limiting examples of labels included, 14 C, 32 P, and ^S. Non-limiting 
examples of detectable markers include ligands, fluorophores, chemiluminescert 
agents, enzymes, and antibodies. Other detectable markers for use with probes, 
which can enable an increase in sensitivity of the method of the invention, 
include biotin and radionucleotides. It will become evident to the person of 
ordinary skill that the choice of a particular label dictates the manner in which it 

is bound to the probe. 

As commonly known, radioactive nucleotides can be 
incorporated into probes of the invention by several methods. Non-limiting 
examples thereof include kinasing the 5' ends of the probes using gamma 32 P 
ATP and polynucleotide kinase, using the Klenow fragment of Pol I of E. colt in 
the presence of radioactive dNTP (e.g. uniformly labelled DNA probe using 
random oligonucleotide primers in low-melt gels), using the SP6/T7 system to 
transcribe a DNA segment in the presence of one or more radioactive NTP. anp 
the like. 

Amplification of a selected, or target, nucleic acid sequence 
may be carried out by a number of suitable methods. See geieraliy Kwoh et al.. 
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1990. Am. Biotechnol. Lab. 8:14-25. Numerous amplification techniques have 
been described and can be readily adapted to suit particular needs of a person . 
of ordinary skill. Non-limiting examples of amplification techniques include 
polymerase chain reaction (PCR). ligase chain reaction (LCR), strand 
displacement amplification (SDA). transcription-based amplification, the QP 
replicase system and NASBA (Kwoh et al.. 1989. Proc. Natl. Acad. Sc.. LBA 86. 
1173-1177; Lizardi et al., 1988. BioTechnology6:1197-1202; Malek et al., 1994, 
Methods Mol. Biol.. 28:253-260; and Sambrook et al.. 1989. supra). Preferably, 
amplification will be carried out using PCR. 

Polymerase chain reaction (PCR) is carried out in accordance 
with known techniques. See. e.g.. U.S. Pat. Nos. 4.683.195; 4.683,202; 
4 800 159; and 4,965,188 (the disclosures of all three U.S. Patent are 
incorporated herein by reference). In general, PCR involves, a treatment ofa 
nucleic acid sample (e.g.. in the presence of a heat stable DNA polymerase) 
under hybridizing conditions, with one oligonucleotide primer for each strand of 
the specific sequence to be detected. An extension product of eachprimer which 
is synthesized is complementary to each of the two nucleic acid strands, with tto 
primers sufficiently complementary to each strand of the specific sequence to 
hybridize therewith. The extension product synthesized from each primer can 
also serve as a template for further synthesis of extension products using the 
same primers. Following a sufficient number of rounds of synthesis of extension 
products, the sample is analysed to assess whether the sequence or sequences 
to be detected are present. Detection cf the amplified sequence may be earned 
out by visualization following EtBr staining of the DNA following gel 
electrophores, or using a detectable label in accordance with known techniques, 
and the like. For a rev.ew on PCR techniques (see PCR Protocols, A Guide to 
Methods and Amplifications. Michael et al. Eds. Acad. Press. 1990). 

Ligase chain reaction (LCR) is carried out in accordance with 
known techniques (Weiss. 1991 . Science 254:1292). Adaptation of the protocol 
to meet the desired needs can be carried out by a person of ordinary skill. Strard 
displacement amplification (SDA) is also earned out in accordance with known 
techniques or adaptations thereof to meet the particular needs (Walker et al.. 
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1992, Proc. Natl. Acad. Sci. USA 89:392-396; and ibid.. 1992. Nucleic Acids Res 
20:1691-1696). 

As used herein, the term "gene" is well known in the art and 
relates to a nucleic acid sequence defining a single protein or polypeptide. A 
5 "structural gene" defines a DNA sequence which is transcribed into RNA and 
translated into a protein having a specific amino acid sequence thereby giving 
rise to a specific polypeptide or protein. It will be readily recognized by the 
person of ordinary skill, that the nucleic acid sequence of the present invent.on 
can be incorporated into anyone of numerous established kit formats which are 

10 well known in the art. 

A "heterologous" (e.g. a heterologous gene) region of a DNA 

molecule is a subsegment segment of DNA within a larger segment that is not 

found in association therewith in nature. The term "heterologous" can be 

similarly used to define two polypeptide segments not joined together in nature. 

15 Non-limiting examples of heterologous genes include reporter genes such as 

luciferase. chloramphenicol acetyl transferase, 0-galactosidase, and the l.ke 

which can be juxtaposed or joined to heterologous control regions or to 

heterologous polypeptides. 

The term "vector" is commonly known in the art and defines 

20 a plasmid DNA, phage DNA, viral DNA and the like, which can serve as a DNA 
vehicle into which DNA of the present invent.on can be clored. Numerous types 
of vectors exist and are well known in the art. 

The term "expression" defines the process by which a gene 
is transcribed into mRNA (transcription), the mRNA is then being translated 
25 (translation) into one polypeptide (or protein 1 ) or more. 

The terminology "expression vector' defines a vector or 
vehicle as descnbed above but designed to enable the expression of an .nserted 
... sequence following transformation into a host. The cloned gene (inserted 
sequence) is usually placed under the control ot control element sequences 
30 such as promoter sequences. The placing of a cloned gene under such control 
sequences is often referred to as being operab.y linked to control elements or 
sequences. 
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Operably linked sequences may also include two segments 
that are transcribed onto the same RNA transcript. Thus, two sequences, such , 
as a promoter and a "reporter sequence" are operably linked if transcription 
commencing in the promoter will produce an RNA transcript of the reporter 

5 sequence. In order to be "operably linked" it is not necessary that two 
sequences be immediately adjacent to one another. 

Expression control sequences will vary depending on whether 
the vector is designed to express the operably linked gene in a prokaryotic or 
eukaryotic host or both (shuttle vectors) and can additionally contain 

10 transcriptional elements such as enhancer elements, termination sequences,- 
tissue-specificity elements, and/or translational initiation and termination sites. 

Prokaryotic expressions are useful for the preparation of large 
quantities of the protein encoded by the DNA sequence of hterest. This protein 
can be purified according to standard protocols that take advantage of the 

15 intrinsic properties thereof, such as size and charge (e.g. SDS gel 
electrophoresis, gel filtration, centrifugation, ion exchange chromatography...). 
In addition, the protein of interest can be purified via affinity chromatography 
using polyclonal or monoclonal antibodies. The purified protein can be used for 

therapeutic applications. 
20 The DNA construct can be a vector comprising a promoter 

that is operably linked to an oligonucleotide sequence of the present invention, 
which is in turn, operably linked to a heterologous gene, such as the gene for the 
luciferase reporter molecule. "Promoter" refers to a DNA regulatory region 
capable of binding directly or indirectly to RNA polymerase in a cell and inflating 
25 transcription of a downstream (3" direction) coding sequence. For purposes of 
the present invention, the promoter is bound at its 3' terminus by the transcription 
initiation site and extends upstream (5' direction) to include the minimum numbe 
of bases or elements necessary to initiate transcription at levels detectable 
above background. Within the promoter will be found a transcription initiation 
30 site (conveniently defined by mapping with S1 nuclease), as well as protein 
binding domains (consensus sequences) responsible for the binding of RNA 
polymerase. Eukaryotic promoters will often, but not always, contain "TATA" 
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boxes and "CCAT' boxes. Prokaryotic promoters contain -10 and -35 consensus 
sequences which serve to initiate transcription and the transcript products 
contain Shine- Dalgarno sequences, which serve as ribosome binding sequences 

during translation initiation. 

5 As used herein, the designation "functional derivative" 

denotes, in the context of a functional derivative of a sequence whether an 
nucleic acid or amino acid sequence, a molecule that retains a biological activity 
(either function or structural) that is substantially similar to that of the original 
sequence. This functional derivative or equivalent may be a natural derivative or 

0 may be prepared synthetically. Such derivatives include amino acid sequences 
having substitutions, deletions, or additions of one or more amino acids, provided 
that the biological activity of the protein is conserved. The same applies to 
derivatives of nucleic acid sequences which can have substitutions, deletions, 
or additions of one or more nucleotides, provided that the biological activity of the 

5 sequence is generally maintained. When relating to a protein sequence, the 
substituting amino acid as chemico-physical properties which are similar to that 
of the substituted amino acid. The similar chemico-physical properties include, 
similarities in charge, bulkiness, hydrophobicity, hydrophylicity and the like. The 
term "functional derivatives" is intended to include "fragments", "segments", 

jO "variants", "analogs" or "chemical derivatives" of the subject matter of the presert 
invention. 

As well-known in the art. a conservative mutation or 
substitution of an amino acid refers to mutation or substitution which maintains 
1) the structure of the backbone of the polypeptide (e.g. a beta sheet or alpha- 

25 helical structure); 2) the charge or hydrophobicity of the ammo acid; or 3) the 
bulkiness of the s.de chain. More specifically, the well-known terminologies 
"hydrophilic residues" relate to serine or threonine. "Hydrophobic residues" refer 
to leucine, isoleucine. phenylalanine, valine or alanine. "Positively charged 
residues" relate to lysine, arginine or hystidine. Negatively charged residues" 

30 refer to aspartic acid or glutamic acid. Residues having "bulky side chains" refer 
to phenylalanine, tryptophan or tyrosine. 
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Peptides, protein fragments, and the like in accordance with 
the present invention can be modified in accordance with well-known methods 
dependency or independently of the sequence thereof. For example, peptides 
can be derived from the wild-type sequence exemplified herein in the figures 
using conservative amino acid substitutions at 1. 2, 3 or more positions. The 
terminology "conservative amino acid substitutions" is well-known in the art 
which relates to substitution of a particular amino acid by one having a similar 
characteristic (e.g. aspartic acid for glutamic acid, or isoleucine for leucine). Of 
course, non-conservative amino acid substitutions can also be carried out, as 
well as other types of modifications such as deletions or insertions, provided that 
these modifications modify the peptide, in a suitable way (e.g. without affecting 
the biological activity of the peptide if this is what is intended by the modification) 
A list of exemplary conservative amino acid substitutions is given hereinbelow. 
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CONSERVATIVE AMINO ACID REPLACEMENTS 



For Amino Acid 


Code 


Replace With 


I Alanine 


A 


D-Ala, Gly, Aib, p-Ala, Acp, L-Cys, D-Cys 


■ Arnininp 

j Argmine 

! 


K 


He, D-Met, D-lle, Orn, D-Orn 


; Asparagine 


KJ 

IN 


n Acn Acn D-A^n C5hi D-Qhi C^ln D-f^in 


! Aspartic Acid 


D 


D-Asp. D-Asn, Asn t Glu, D-Glu, Gin, D-GIn 


1 Cysteine 




D-Cys, S-Me-Cys, Met, D-Met, Thr, D-Thr 


i Glutamine 

i 


Q 


D-GIn, Asn, D-Asn, Glu, D-Glu, Asp, D-Asp 


j Glutamic Acid 


E 

1 


D-Glu, D-Asp, Asp, Asn, D-Asn, Gin, D-GIn 


i : — 

! Glycine 


ri 
VP 


Ala D Ala Prn D-Pro Aih ft-Ata Am 

/Aid, \-J-r\\cl y i 1 vj, L/*riu, niu, j^nia, / Vo^J , 


| Isoleucine 

i 


1 


D-lle, Val, D-Val, AdaA, AdaG, Leu, D-Leu, Met, 

n Met 


j Leucine 


L 


D-Leu, Val, D-Val, AdaA. AdaG, Leu, D-Leu. 
Mpt D-Mpt 


I Lysine 

! 
! 
i 
i 


K 
r\ 


D-l v<; Am D-Ara homo-Ara D-homo-Ara Met 
D-Met, lie, D-lle, Orn, D-Orn 


! Methionine 


M 


D-Met, S-Me-Cys, lie. D-lle, Leu, D-Leu, Val, D- 
Val ! 


: Phenylalanine 


F 


D-Phe, Tyr, D-Thr, L-Dopa. His, D-His, Trp, D- j 
Trp, Trans-3,4. or 5-phenylproline, AdaA, AdaG, j 
cis-3,4, or 5-phenylproline. Bpa, D-Bpa 


j Proline 


P 


D-Pro, L-l-thioazolidine-4-carboxylic acid, D or 
L-1-oxazolidine-4-carboxylic acid (Kauer, U.S. i 
Pat. No. (4,511.390) 


I Serine 


S 


D-Ser. Thr, D-Thr, allo-Thr. Met, D-Met, Met (O), ; 
D-Met(O), L-Cys, D-Cys 


1 Threonine 


T 


D-Thr. Ser, D-Ser, allo-Thr. Met, D-Met, Met(O), • 
D-Met(O), Val, D-Val 


' Tyrosine 


Y 


D-Tyr, Phe, D-Phe, L-Dopa. His. D-His 


Valine 


V 


. D-Val. Leu. D-Leu. lie. D-lle. Met, D-Met, AdaA, 
: AdaG 
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As can be seen in this table, some of these modifications can 
be used to render the peptide more resistant to proteolysis. Of course, 
modifications of the peptides can also be effected without affecting the primary 
sequence thereof using enzymatic or chemical treatment as well-known in the 
5 art. 

Thus, the term "variant" refers herein to a protein or nucleic 
acid molecule which is substantially similar in structure and biological activity to 
the protein or nucleic acid of the present invention. Of course, conservedam.no 
acids can be targeted and replaced (or deleted) with a "non-conservative" am.ro 
10 acid in order to reduce, or destroy the biological activity of the protein. Non- 
limiting examples of such genetically modified proteins include dominant negafve 
mutants. 

As used herein, "chemical derivatives" is meant to cover 
additional chemical moieties not normally part of the subject matter of the 
1 5 invention Such moieties could affect the physico-chemical characterise of the 
derivative (e.g. solubility, absorption, half life and the like, decrease of toxicity). 
Such moieties are exemplified in Remington's Pharmaceutical Sciences (e.g. 
1980) Methods of coupling these chemical-physical moieties to a po.ypept.de 
are we., known in the art. It will be understood that chemica. modifications and 
20 the like cou.d also be used to produce inactive or less active agents or 
compounds. These agents or compounds cou.d be used as negative controls or 
for e.iciting an immunologic^ response. Thus, eliciting immunological tolerance 
using an inactive modification of one of tie validated targets in accordance w.th 
the present invention is also within the scope of the present invention. 
25 Th e term "allele" defines an alternative form of a gene wh.ch 

occupies a given locus on a chromosome. 

It should be understood that numerous types of antifungal 
polypeptides, fragments, and derivat.ves thereof can be produced using 
numerous types of modifications of the ammo acid chain. Such numerous tpes 
30 of modificat.ons are well-known to those skilled in the art. Broadly, these 
modifications include, without being .imited thereto, a reduction ofthe size of the 
mo.ecu.e and/or the mod.fication of the am.no acid sequence thereof. Also. 
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chemical modifications such as, for example, the incorporation of modified or 
non-natural amino acids or non-amino acid moieties, can be made to polypeptide 
derivative or fragment thereof, in accordance with the present invention. Thus, 
synthetic peptides including natural, synthesized or modified amino acids, or 
mixtures thereof, are within the scope of the present invention. 

Numerous types of modifications or derivations of the 
antifungals of the present invention, and particularly of the validated targets of 
the present invention, are taught in Genaro. 1995. Remington's Pharmaceufical 
Science The method for coupling different moieties to a molecule in accordance 
) with the present invention are well-known in the art. A non-limiting example, 
thereof includes a covalent modification of the proteins, fragments, ordenvafives 
thereof More specifically, modifications of the amino acids in accordance with 
the present invention include, for example, modification of the cysteinyl residues 
• of the histidyl residues, lysinyl and aminotermina. residues, arginyl res.dues, 
5 thyrosy. residues, carboxy. side groups, glutam.ny. and aspariginy. res.dues. 
Other modifications of amino acids can also be found in Creighton, 1983. In 
Proteins. Freeman and Co. Ed., 79-86. 

As commonly known, a "mutation" is a detectable change m 
the genetic materia, which can be transmitted to adaughter cel.. As well known, 
>0 a mutation can be, for example, a detectab.e change in one or more 
deoxyribonucleof.de. For example, nucleotides can be added, deleted, 
substituted for, inverted, or transposed to a new position. Spontaneous mutators 
and experimentally .nduced mutations exist. The resUt of a mutations of nuc.e.c 
acid molecule is a mutant nucleic acid molecule. A mutant polypeptide can be 
25 encoded from this mutant nucleic acid molecule. 

The terminology "dominant negative mutation" refers to a 
mutation which can somehow sequester a binding partner, such that thebinding 
partner is no longer available to perform, regular or affect an essentia, funct.on 
in the cell Hence, this sequestration affects the essentia, function of the toa.ng 
30 partner and enables an assayab.e change in the cel. growth of the cell. In one 
preferred embodiment, the change is a decrease in growth of the cell, or even 
death thereof 
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As used herein, the term "purified" refers to a molecule having 
been separated from a cellular component. Thus, for example, a "purified 
protein" has been purified to a level not found in nature. A "substantially pure- 
molecule is a molecule that is lacking in most other cellular components. 

As used herein, the terms "molecule", "compound" or "ligand" 
are used interchangeably and broadly to refer to natural, synthetic or semi- 
synthetic molecules or compounds. The term "molecule" therefore denotes for 
example chemicals, macromolecules, cell or tissue extracts (from plants or 
animals) and the like. Non limiting examples of molecules include nucleic acid 
molecules, peptides, antibodies, carbohydrates and pharmaceutical agents. The. 
agents can be selected and screened by a variety of means including random 
screening, rational selection and by rational design using for example protein or 
ligand modelling methods such as computer modelling, combinatorial library 
screening and the like. It shall be understood that under certain embodiments. 
15 more than one "agents" or "molecules" can be tested simultaneously. Indeed, 
pools of molecules can be tested. Upon the identification d a pool of molecules 
as having an effect on an interaction according to the present invention, the 
molecules can be tested in smaller pools or tested individually to identify the 
molecule initially responsible for the effect. The terms "rationally selected" or 
"rationally designed" are meant to define compounds which have been chosen 
based on the configuration of the validated targetsor interaction domains thereof 
of the present invention. As will be understood by the person of ordinary skill, 
macromolecules having non-naturally occurring modifications are also within he 
scope of the term "molecule". For example, peptidomimetics. well known in the 
pharmaceutical industry and generally referred to as peptide analogs can be 
generated by modelling as mentioned above. Similarly, in a preferred 
embodiment, the polypeptides of the p^sent invention are modified to enhance 
their stability. The molecules identified in accordance with the teachings of the 
present invention have a therapeutic value in dseases or conditions associated 
with a fungal infection, and particularly withC. alb.cans infections. Alternatively, 
the molecules identified in accordance with the teachings of the present inventicn 
find utility in the development of more efficient antifungal agents. 
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The term "mimetic" refers to a compound which is structural^ 
and functionally related to a reference compound, whether natural, synthetic or 
chimeric. The term "peptidomimetic" is a non-peptideor polypeptide compound 
which mimics the activity-related aspects of the 3-dimensional structure of a 
5 peptide or polypeptide. Thus, peptidomimetic can mimic the structure of a 
fragment or portion of a fungi polypeptide. Inaccordance with one embodiment 
of the present invention, the peptide backbone of a mutant of a validated target 
of the present invention is transformed into a carbon-based hydrophobic 
structure which retains its antifungal activity. This peptidomimetic compound 
0 therefore corresponds to the structure of the active portion of the mutant from _ 
which it was designed. Such type of derivatization can be done using standard 
medical chemistry methods. 

Libraries of compounds (publicly available or commercially 
available) are well-known in the art. The term "compounds" is also meant to 
5 cover ribozymes (see, for example, US 5,712,384, US 5,879,938; and 
4,987,071), and aptamers (see, for example, US 5,756,291 and US 5,792613). 

It will be apparent to a skilled artisan that the present inventim 
is amenable to the chip technology for screening compounds or diagnosing fungi 
infection. Furthermore, screening assays in accordance with the present 
20 invention can be carried out using the well-known array or micro-array 
technology. 

The present invention also provides antisense nucleic acid 
molecules which can be used for example to decrease or abrogate the 
expression of the nucleic acid sequences or proteins of the present invention. 

25 An antisense nucleic acid molecule according to the present invention refers to 
a molecule capable of forming a stable duplex or triplex with a portion of its 
targeted nucleic acid sequence (DNA or RNA). in one particular embodiment, 
the antisense is specific to 4E-BP1 . The use of antisense nucleic acid molecule 
and the design and modification of such molecules is well known in the art as 

30 described for example in WO 96/32966. WO 96/11266. WO 94/15646, WO 
93/08845 and USP 5,593.974. Antisense nucleic acid molecules according to 
the present invention can be derived from the nucleic acid sequences and 
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modified in accordance to well known methods. For example, some antisense 
molecules can be designed to be more resistant to degradation to hcrease their m 
affinity to their targeted sequence, to affect their transport to chosen cell types 
or cell compartments, and/or to enhance their lipid solubility bu using nucleotide 
5 analogs and/or substituting chosen chemical fragments thereof, as commonly 
known in the art. 

It shall be understood that the "in vivo" experimental model 
can also be used to carry out an "in vitro" assay. For example, extracts from the 
indicator cells of the present invention can be prepared and used in one of the 
10 in vitro method of the present invention or an in vitro method known in the art. 

As used herein the recitation "indicator cells" refers to cells 
that express, in one particular embodiment, one of CaKRE5, CaALRI, and 
CaCDC24, in such a way that an identifiable or selectable phenotype or 
characteristic is observable or detectable. Such indicator cells can be used in 
15 the screening assays of the present invention. In certain embodiments, the 
indicator cells have been engineered so as to express a chosen derivative, 
fragment, homolog, or mutant of these interacting domains Preferably, the cells 
are fungal cells. In one embodiment, the cells areS. cerevisiae cells, in another 
C. albicans cells. In one particular embodiment, the indicator cell is a yeast cell 
20 harboring vectors enabling the use of the two hybrid system technology, as well 
known in the art (Ausubel et al.. 1994, supra) and can be used to test a 
compound or a library thereof. In one embodiment, a reporter gene encoding a 
selectable marker or an assayable protein can be operably linked to a control 
element such that expression of the selectable marker or assayable protein is 
25 dependent on a function of one of the validated targets. Such an indicator cell 
could be used to rapidly screen at high-throughput a vast array of test molecules 
In a particular embodiment, the reporter gene is luciferase or (5-Gal. 

In one embodiment, the validated targets-of the present 
- invent.on may be provided as a fusion protein. The design of constructs therefor 
30 and the expression and production of fusion proteins are well known in the art 
(Sambrook et al.. 1989, supra: and Ausubel et al.. 1994, supra). In a particular 
embodiment, both interaction domains are part of fusion proteins. A non-limting 
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example of such fusion proteins includes a LexA-X fusion (DNA-binding domain- 
4E-X; bait, wherein X is a validated target of the present invention or part or 
derivative thereof) and a B42 fusion (transactivator domain-Y; prey, wherein Y 
is a factor or part thereof which binds to X). In yet another particular 
5 embodiment, the LexA-X and B42-Y fusion proteins are expressed in a yeast ceB 
also harboring a reporter gene operably linked to a LexA operator and/or LexA 
responsive element. Of course, it will be recognized that other fusion proteins 
can be used in such 2 hybrid systems. Furthermore, it will be recognized that the 
fusion proteins need not contain the full-length validated target or mutant ttereof 
10 or polypeptide with which it interacts. Indeed, fragments of these polypeptides, 
provided that they comprise the interacting domains, can be used in accordance 
with the present invention. 

Non-limiting examples of such fusion proteins include a 
hemaglutinin fusions, Gluthione-S-transferase (GST) fusions and Maltose 
15 binding protein (MBP) fusions. In certain errbodiments, it might be beneficial to 
introduce a protease cleavage site between the two polypeptide sequences 
which have been fused. Such protease cleavage sites between two 
heterologously fused polypeptides are well known in the art. 

In certain embodiments, it might also be beneficial to fuse the 
20 interaction domains of the present invention to signal peptide sequences 
enabling a secretion of the fusion protein from the host cell. Signal peptides from 
diverse organisms are well known in the art. Bacterial OmpA and yeast Suc2 ae 
two non limiting examples of proteins containing signal sequences. In certain 
embodiments, it might also be beneficial to introduce a linker (commonly knowr) 
25 between the interaction domain and the heterologous polypeptide portion. 9jch 
fusion protein find utility in the assays of the present invention as well as for 
purification purposes, detection purposes and the like. 

For certainty, the sequences and polypeptides useful to 
practice the invention include without being limited thereto mutants, homologs, 
30 subtypes, alleles and the like. it shall be understood that in certain 
embodiments, the sequences of the present invention encode a functional (albet 
defective) interaction domain. It will be clear to the person of ordinary skill that 
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whether an interaction domain of the present invention, variant, derivative, or 
fragment thereof retains its function in binding to its partner can be readily 
determined by using the teachings and assays of the present invention and the 

general teachings of the art. 
5 Of course, the interaction domains of the present invention 

can be modified, for example by in vitro mutagenesis, to dissect the structure- 
function relationship thereof and permit a better design and identification of 
modulating compounds. Derivative or analogs having lost their biological 
function of interacting with their respective interaction may find an additional 

10 utility (in addition to a function as a dominant negative, for example) in raising 
antibodies. Such analogs or derivatives could be used for example to raise 
antibodies to the interaction domains of the present invention. These artibodies 
could be used for detection or purification purposes. In addition, these 
antibodies could also act as competitive or non-competitive inhibitor and be 

1 5 found to be modulators of the activity of the targets of the present invention. 

A host cell or indicator cell has been "transfected" by 
exogenous or heterologous DNA (e.g. a DNA construct) when such DNA has 
been introduced inside the cell. The transfecting DNA may or may not be 
integrated (covalently linked) into chromosomal DNA making up the genome of 

20 the cell. In prokaryotes, yeast, and mammalian cells for example/the transfecting 
DNA may be maintained on a episomal element such as a plasmid. Transfection 
and transformation methods are well known in the art (Sambrook et al., 1989, 
supra\ Ausubel et al., 1994 supra, Yeast Genetic Course, A Laboratory Manual, 
CSH Press 1987). 

25 In general, techniques for preparing antibodies (including 

monoclonal antibodies and hybridomas) and for detecting antigens using 
antibodies are well known in the art (Campbell. 1984. In "Monoclonal Antibody 
Technology: Laboratory Techniques in Biochemistry and Molecular Biology", 
Elsevier Science Publisher, Amsterdam. The Netherlands) and in Harlow et al., 

30 1988 (in: Antibody- A Laboratory Manual, CSH Laboratories). The present 
invention also provides polyclonal, monoclonal antibodies, or humanized 
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versions thereof, chimeric antibodies and the like which inhibit or neutralize their 
respective interaction domains and/or are specific thereto. 

From the specification and appended claims, the term 
therapeutic agent should be taken in a broad sense so as to also include a 
5 combination of at least two such therapeutic agents. 

In one particular embodiment, the present invention provides 
the means to treat fungal infection comprising an administration of an effective 
amount of an antifungal agent of the present invention. 

For administration to humans, the prescribing medical 
10 professional will ultimately determine the appropriate form and dosage for a 
given patient, and this can be expected to vary according to the chosen 
therapeutic regimen (e.g. DNA construct, protein, molecule), the response and 
condition of the patient as well as the severity of the disease. 

Composition within the scope of the present invention shoUd 
15 contain the active agent (e.g. protein, nucleic acid, or molecule) in an amount 
effective to achieve the desired therapeutic effect while avoiding adverse side 
effects. Typically, the nucleic acids in accordance with the present invention cai 
be administered to mammals (e.g. humans) in doses ranging from 0.005 to 1 ng 
per kg of body weight per day of the mammal which is treated. Pharmaceutical^ 
20 acceptable preparations and salts of the active agent are within thescope of the 
present invention and are well known in the art (Remington's Pharmaceutical 
Science. 16th Ed.. Mack Ed.). For the administration of polypeptides, 
antagonists, agonists and the like, the amount administered should be chosen 
so as to avoid adverse side effects. The dosage will be adapted by the clinician 
in accordance with conventional factors such as the extent of the disease and 
different parameters from the patient. Typically. 0.001 to 50 mg/kg/day will be 
administered to the mammal. 
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RRIFF DESCRIPTION OF THF DRAWINGS 

Having thus generally described the invention, reference will 
now be made to the accompanying drawings, showing by way of illustration a 
preferred embodiment thereof, and in which: 
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Figure 1 shows CaKRE5 sequence and comparison to the S. 



cerevisiae KRE5, Drosophila melanogaster UGGT1, and S. pombe GPT1 
encoded proteins. (A) illustrates nucleotide and predicted amino acid sequence' 
of CaKreSp. The CaKre5p signal peptide is underlined in bold. The ER retention 

5 sequence His-Asp-GIu-Leu (HDEL) is indicated in bold at the C-terminus. 
Non-canonical CTG codons encoding Ser in place of Leu are italicized. (B) 
shows protein sequence alignment between CaKreSp, KreSp, Gptlp, and 
Uggtp. Proteins are shown in single-letter amino acid code with amino acid 
identities shaded in black and similarities shaded in gray. Gaps introduced to 

10 improve alignment are indicated by dashes and amino acid positions are shown 
at the left; 



cerevisiae Alrlp and Alr2p. (A) illustrates nucleotide and predicted amino acid 
sequence of CaALRI. Two hydrophobic amino acid stretches predicted to 

15 serve as transmembrane domains are indicated in bold. Non-canonical CTG 
codons are italicized. (B) shows protein sequence alignment between 
CaAlrlp, Alrlp, and Alr2p. Proteins are shown in single-letter amino acid code 
with amino acid identities shaded in black and similarities shaded in gray. 
Dashes indicate gaps introduced to improve alignment; 

20 Figure 3 shows CaCDC24 sequence and comparison to 

CDC24 from S. cerevisiae and S. pombe. (A) illustrates nucleotide and 
predicted amino acid sequence of CaCDC24. Non-canonical CTG codons are 
italicized. (B) shows protein sequence alignment between CaCdc24p, S. 
cerevisiae Cdc24p, and the S. pombe homolog. Scdlp. The CaCdc24p dbl 

25 homology domain extends from amino acids 280-500. A pleckstrin homology 
domain is detected from residues 500-700. Protein alignments are formated 
as described in Fig. 1 and 2; and 



CaCDC24. Restriction maps of (A) CaKREo, (C) CaALRI , and (E) CaCDC24 
30 display restriction sites pertinent to disruption strategies. The insertion position 
of the hisG-URA3-hisG disruption module relative the CaKRE5, CaALRI , and 
CaCDC24 open reading frames (indicated by open arrows) is indicated as well 



Figure 2 shows CaALRI sequence and comparison to S. 



Figure 4 illustrates disruption of CaKRE5, CaALRI, and 
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as probes used to verify disruptions by Southern blot analysis. (B, D. F.) show 
southern blot verification of targeted integration of the hisG-URA3-hisG 
disruption module into CaKRE5, CaALRI. and CaCDC24 and its precise 
excision after 5-FOA treatment. (B) shows genomic DNA extracted from 
5 Candida albicans wild-type strain, CAl-4 (lane 1), heterozygote 
CaKRE5/cakre5A::hisG-URA3-hisG (lane 2), heterozygote 

CaKRE5/cakre5A::hisG after 5-FOA treatment (lane 3), and a representee 
transformant resulting from the second round of transformation into a 
CaKRE5/cakre5A::hisG heterozygote (tane 4), were digested with Hindlll and 

10 analyzed using CaKRE5, hisG, and CaURA3 probes. Asterisks identify the 
1.6 kb ladder fragment that nonspecifically hybridizes to the three probes. (D) 
shows genomic DNA extracted from CAI-4 (lane 1), heterozygote 
CaALR1/caalr1A::hisG-URA3-hisG (lane 2), heterozygote 

CaALR1/caalr1A::hisG after 5-FOA treatment (lane 3), and a representee 

15 transformant resulting from the second round of transformation into a 
CaALR1/caalr1A::hisG heterozygote (lane 4). were digested with EcoRI and 
analyzed using CaALRI, hisG, and CaURA3 probes. (F) shows genomic 
DNA extracted from CAM (lane 1), heterozygote 
CaCDC24/cacdc24A::hisG-URA3-hisG containing the disruption module in 

20 orientation 1 (lane 2), heterozygote CaCDC24/cacdc24A::hisG-URA3-hisG 
containing the disruption module in orientation 2 (lane 3), heterozygote 
CaCDC24lcacdc24h\ :hisG (orientation 1) after 5-FOA treatment (lane 4) ; 
heterozygote CaCDC24/cacdc24A::hisG (orientation 2) after 5-FOA treatment 
(lane 5) and a representee transformant resulting from the second round of 

25 transformation into a CaALR1/caalr1A::hisG (orientation 1) heterozygote (lane 
6), were digested with EcoRI and analyzed using CaCDC24, hisG. and 
CaURA3 probes. 



invention will become more apparent upon reading of- the following 
30 non-restrictive description of preferred embodiments with reference to the 
accompanying drawing which is exemplary and should not be interpreted as 
limiting the scope of the present invention. 



Other objects, advantages and features of the present 
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INTERNATIONAL PRELIMINARY 

EXAMINATION REPORT International application No. PCT/CA00/00533 



I. Basis of the report 

1. With regard to the elements of the international application (Replacement sheets which have been furnished to 
the receiving Office in response to an invitation under Article 14 are referred to in this report as "originally filed" 
and are not annexed to this report since they do not contain amendments (Rules 70. 16 and 70.17)): 
Description, pages: 

1 -46 with telefax of 20/06/2001 

Claims, No.: 

1 -25 with telefax of 20/06/200 1 

Drawings, sheets: 

1/24-24/24 as originally filed 

Sequence listing part of the description, pages: 
1 -31 , filed with the letter of 1 1 .08.2000 

2. With regard to the language, all the elements marked above were available or furnished to this Authority in the 
language in which the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination (under Rule 
55.2 and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
international preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the international application in written form. 

□ filed together with the international application in computer readable form, 
furnished subsequently to this Authority in written form. 

furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the international application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been furnished. 

4. The amendments have resulted in the cancellation of: 
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□ the description, pages: 

□ the claims, Nos.: 

□ the drawings, sheets: 

5. H This report has been established as if (some of) the amendments had not been made, since they have been 

considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report.) 

see separate sheet 

6. Additional observations, if necessary: 
see separate sheet 

IV. Lack of unity of invention 

1 . In response to the invitation to restrict or pay additional fees the applicant has: 

□ restricted the claims. 

□ paid additional fees. 

□ paid additional fees under protest. 

□ neither restricted nor paid additional fees. 

2. E3 This Authority found that the requirement of unity of invention is not complied and chose, according to Rule 

68.1 , not to invite the applicant to restrict or pay additional fees. 

3. This Authority considers that the requirement of unity of invention in accordance with Rules 13.1,1 3.2 and 1 3.3 is 

□ complied with. 

not complied with for the following reasons: 
see separate sheet 

4. Consequently, the following parts of the international application were the subject of international preliminary 
examination in establishing this report: 

all parts. 

□ the parts relating to claims Nos. . 

V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

1. Statement 

Novelty (N) Yes: Claims 1 -9 and 1 1 -25 

No: Claims 10 
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Inventive step (IS) 



Yes: 
No: 



Claims 
Claims 1-25 



Industrial applicability (IA) Yes: 

No: 



Claims 1 -25 
Claims 



2. Citations and explanations 
see separate sheet 

VIII. Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question whether 
claims are fully supported by the description, are made: 
see separate sheet 
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Re Item I 

Basis of the report 

1 . Sequence listing pages 1-31 filed with the letter of 1 1 .08.2000 do not form part 
of the application (Rule 13 ter .1(f) PCT). 

1.1 Consequently, the addition of SEQ ID NOs in claims 1-6, 10, 15-17 and 21-23 of 
the amended set of claims filed with the telefax of 20.06.2001 extends beyond the 
content of the application as originally filed and is contrary to the requirements of 
Article 34(2)(b) PCT. 

Given that the use of trivial names in order to refer to genes and DNA sequences 
which are not state of the art at the time of the invention contravenes with the 
provisions of Articles 5 and 6 PCT, the claimed nucleotide sequence should be 
restricted to those originally claimed and disclosed in the figures 1-3 as originally 
filed (e.g. claims 2-4 as originally filed). Said claims have been interpreted 
accordingly for the establishment of the present International Preliminary 
Examination Report. 



Re Item IV 

Lack of unity of invention 

The separate groups of invention are: 
Group I 

Claims 1-3 (partially), 4, 7, 10 (partially), 11 (partially), 12, 15, 18-20 
(partially), 21, 24 (partially) and 25 (partially). 

These claims refer to the C. albicans gene CaKRES (SEQ ID NO: 1 and 2) 
and to the protein coded thereby. Said protein plays an important role in the 
biosynthesis of (1-*6)-[}-gIucan. 
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Group II 

Claims 1-3 (partially), 5, 8, 10 (partially), 11 (partially), 13, 16, 18-20 
(partially), 22, 24 (partially) and 25 (partially). 

These claims refer to the C. albicans gene CaALRI (SEQ ID NO: 3 and 4) 
and to the protein coded thereby. Said protein plays an important role in the 
transport of divalent cations. 



Group III 

Claims 1-3 (partially), 6, 9, 10 (partially), 11 (partially), 12, 17, 18-20 
(partially), 23, 24 (partially) and 25 (partially). 

These claims refer to the C. albicans gene CaCDC24 (SEQ ID NO: 5 and 6) 
and to the protein coded thereby. Said protein plays an important role in the 
biosynthesis of DNA and in G-protein-mediated signal transduction. 



The concept linking these groups of invention is that said genes have been shown 
to be essential for the pathogenic fungi C. albicans and are thus suitable for 
use in methods of screening for compounds having antifungal activity. 

However, document D1 (Proc. Natl. Acad. Sci. USA, 1998, 95:9825-9830) 
discloses that the gene CaKRE9 is essential for the pathogenic fungi C. albicans 
and that its gene product is useful for the screening for fungal-specific drugs (e.g. 
abstract). 

Therefore, the above-mentioned groups of invention are not so linked as to form a 
single general inventive concept (Rule 13.1 PCT). 
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Re Item V 

Reasoned statement under Article 35(2) with regard to novelty, inventive step or 
industrial applicability; citations and explanations supporting such statement 

1. Document D1 (Proc. Natl. Acad. Sci. USA, 1998, 95:9825-9830), which is 

considered to represent the most relevant state of the art, discloses (cf. abstract 
and Figure 1) an isolated DNA sequence coding for a gene (CaKRE9) and its 
product (protein). While KRE9 was known to be essential for S. cerevisiae, D1 
shows that its homologue is also essential for the pathogenic fungi C. albicans 
and thus suitable for use in methods of screening for compounds having anti- 
fungal activity. The subject-matter of independent claims 1-3 differs from the 
teachings of D1 in that three other C. albicans essential genes are defined. 

1 .1 The problem to be solved by independent claims 1-3 may therefore be regarded 
as providing alternative genes to those disclosed in D1. 

1 .2 Document D2 (US-A-5 194 600) discloses that the S. cerevisiae counterpart of the 
CaKRE5 gene is essential for said fungi (e.g. column 27, lines 46-49). Moreover, 
D2 discloses that it is likely that the CaKRES gene has a similar function to that of 
the KRESgene (column 28, lines 8-10) and that these genes that are absent in 
mammalian cells are excellent potential targets for specific antifungal inhibitor 
(column 28, lines 15-26). 

While the applicant's observations submitted with the amended claims have been 
considered, the previously expressed opinion is nevertheless maintained/Given 
that glucan account for 50-70% of the C. albicans cell wall, i.e. it is higher than in 
the S. cerevisiae cell wall, the person skilled in the art would be prompted, in view 
of the teachings of D1 , e.g. page 9825, column 1 , lines 26-32, and of the general 
teachings of D2, to attempt to identify and isolate the homologous gene in C. 
albicans, thus obtaining the CaKRES gene, for use of its product in screening 
methods for potential targets for specific antifungal inhibitor. 
Hence, in view of the combined teachings of D1 and D2, the subject-matter of 
independent claims 1-3 lacks inventive step in the sense of Article 33(3) PCT. 

Moreover, document D3 (Yeast, 1999, 15:435-441) refers to the ALR1 gene and 
discloses that said gene is essential for S. cerevisiae (page 440, column 1, lines 
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1-12). While the applicant's observations submitted with the amended claims have 
been considered, the previously expressed opinion is nevertheless maintained. 
D3 discloses that the lack of this gene is lethal despite the fact that the cell 
possesses a highly similar counterpart, ALR2, and thus stresses its essentiality. 
The skilled person in the art would thus recognise the potential of this gene and its 
product and would attempt to identify and isolate the homologous gene in C. 
albicans, thus obtaining the CaALRI gene, for use of its product in screening 
methods for potential targets for specific antifungal inhibitor. 
Hence, the subject-matter of independent claims 1-3 further lack inventive step in 
the sense of Article 33(3) PCT, in view of the combined teachings of D1 and D3. 

Document D4 (WO-A-99 18213) recognises the CDC24 gene as an ideal target 
for anti-fungal drugs directed at pathogenic yeasts such as C. albicans (e.g. page 
40, lines 20-28). Following an argumentation similar than for D2 and D3, the 
person skilled in the art would recognise the potential of this gene and its product 
and would attempt to identify and isolate the homologous gene in C. albicans, 
thus obtaining the CaCDC24 gene, for use of its product in screening methods for 
potential targets for specific antifungal inhibitor. 

1.3 Hence, the three independent solutions to the technical problem defined under 
point 1.1 above provided by independent claim 1-3 and dependent claims 4-6 lack 
inventive step in the sense of Article 33(3) PCT. 

2. In the light of the above arguments, independent claims 7-9 which define 
screening methods using the products of the CaKRES, CaALRI and of the 
CaCDC24 gene also lack inventive step and thus do not meet the requirements of 
Article 33(3) PCT. 

3. Given that the CaKRE5, CaALRI and of the CaCDC24 have more than 70% 
identity with their S. cerevisiae counterparts (e.g. page 1 1 , line 10, of the 
description), the sequences disclosed in D2, D3 and D4 possess more than 10 
consecutive nucleotides from the nucleic acid set forth in Figures 1 A, 2A and 3A 
respectively. 
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The subject-matter defined in independent claim 10 is thus not novel in the sense 
of Article 33(2) PCT. 

4. Given that isolated DNA sequences coding for the genes CaKRE5, CaALRI and 
CaCDC24 are not inventive (see points 1.-1-3 above), methods for detecting 
these genes in a sample, as defined in claim 1 1 , and the obtention of purified 
polypeptides coded by said genes do not require an inventive activity from the 
person skilled in the art. A similar objection also applies to the antibody defined in 
claim 18. 

Claims 11-18 and 21-23 do therefore not fulfil the requirements of Article 33(3) 
PCT. 



5. Independent claim 19 defines methods for screening for compounds having anti- 
fungal activity, which methods only differ from those defined in claims 7-9 in that 
the identified compound could have an anti-fungal activity. In view of the 
arguments put forward with regard of the methods of claims 7-9 (see point 2. 
above), independent claim 19 and dependent claim 29 lack inventive step in the 
sense of Article 33(3) PCT. 



Re Item VIII 

Certain observations on the international application 

1. Although claims 19 and 7-9 have been drafted as separate independent claims, 
they appear to relate effectively to the same subject-matter (see also Item V, point 
5.) and to differ from each other only with regard to the definition of the subject- 
matter for which protection is sought and in respect of the terminology used for 
the features of that subject-matter. The aforementioned claims therefore lack 
conciseness. Moreover, lack of clarity of the claims as a whole arises, since the 
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plurality of independent claims makes it difficult, if not impossible, to determine the 
matter for which protection is sought, and places an undue burden on others 
seeking to establish the extent of the protection. 

Hence, claims 19 and 7-9 do not meet the requirements of Article 6 PCT. 



2. Claims 19 and 20 do not meet the requirements of Article 6 PCT in that the matter 
for which protection is sought is not clearly defined. The claims attempt to define 
the subject-matter in terms of the result to be achieved, i.e. anti-fungal activity of 
the compound, which merely amounts to a statement of the underlying problem. 
The technical features necessary for achieving this result should be added. 

2.1 Moreover, claims 19 and 20 broadly refer to anti-fungal activity. However, the de- 
scription and drawings convey the impression that the claimed invention relies on 
the fact that the claimed genes have been shown to be essential for C. albicans. 
An extension of the claimed subject-matter to any fungi, including any yeast, is 
thus not supported by the description as required by Article 6 PCT. 
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